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General Introduction 
The principal feature m secretory otitis media (S Ο M ) is an accumulation of fluid in the 
middle ear without clear signs of acute infection The accumulation of this fluid, which can 
vary in consistency from thin watery to thick and tenacious, results in a varying degree of 
conductive hearing loss As a rule, S O M is a selflimiting disease especially encountered 
in children In most cases, S Ο M heals without functional damage to the ear Progression 
into a chronic otitis media or healing with severe residual functional impairment occurs 
only in a minority of cases The present-day treatment is mainly symptomatic and consists 
of the evacuation of the fluid and the insertion of a ventilating tube to restore hearing The 
exact etiology of S Ο M is still unsolved, although it is recognized that dysfunction of the 
Eustachian tube and infection of the upper airway system play an important role in the 
pathogenesis of this disease 
This study was undertaken to trace the course of events m the middle ear after short- and 
longterm occlusion of the Eustachian tube using the rat as experimental animal The first 
part of this thesis deals with the morphology of the normal lining of the middle ear cavity 
and a review of the literature on the various hypotheses concerning the pathogenesis of 
S O M The second part presents the results of an experimental study, in which the effect of 
tubal occlusion on the middle ear structures was studied with light- and 
electronmicroscopical techniques 
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Chapter 
I 
Epithelium of the middle ear 
1.1. Introduction 
A thorough knowledge of the nature and composition of the normal middle ear epithelium 
is a prerequisite for a good understanding of the etiology and pathogenesis of middle ear 
disease. 
Since the very first histological studies on temporal bones, there has been controversy 
concerning the character and composition of the normal lining of the middle ear. Von 
Tröltsch (1861) described the lining of the middle ear cavity as a very thin, flat membrane, 
which in his opinion in many ways resembled a serosa; this in contrast to the lining of the 
Eustachian tube, which he considered to be a true mucosa. Also Zaufall (1870), Toynbee 
and Voltolini (cited by Beck, 1926) were of the opinion that the middle ear lining is a 
serosa; the latter author even compared it to the lining of the fourth ventricle. From this 
point of view, the middle car lining would have no other function than to cover the bony 
wall of the middle ear; an opinion also shared by Riiedi (1937) and Schwarzbart (1958, 
1959) in later years. The concept of the middle ear lining, being a serosa was rejected by 
Politzer (1883) and Gruber (1870). Both authors felt that the middle ear epithelium was a 
direct extension of the tubal epithelium and should therefore be considered as a true 
mucosa. 
With regard to the presence of ciliated cells in the middle ear, the opinion ranged from a 
total absence (Gruber 1870, Schwarzbart 1958) to a complete lining of the tympanic cavity 
with ciliated epithelium (Preysing 1904, Perkins 1916). However, most of the former 
authors were of the opinion that ciliated cells are usually present near the tympanic orifice 
of the Eustachian tube and in a limited area of the hypotympanum (von Tröltsch 1861, 
Mittendorf 1881, Politzer 1883, Brühl 1905, Burger and Zwaardemaker 1905). 
Also the presence or absence of glands in the normal middle ear epithelium has been a 
source of dispute since the first report by Von Tröltsch (1861). He noted, as a fairly 
constant finding, a rather large raccmiform gland near the tubal opening. Politzer (1883) 
also found similar glands, especially in the anterior part of the tympanum. The presence of 
glands was denied by Gruber (1870), Brühl (1905), Preysing (1904) and Beck (1926). 
Although some of these authors described gland-like structures in the middle ear mucosa, 
they considered these structures not as true glands, but as the result of a hyperplastic growth 
of the epithelium, induced by certain pathological conditions. 
While these former reports reveal no unanimity to the composition of the middle ear 
epithelium, the commonly held opinion reflected in several handbooks on O.R.L. and in 
manuals on histology in the middle of this century was, that it consisted of a fiat to cubic 
one-layered epithelium. This epithelium was considered to be devoid of cilia, goblet cells 
and glands, except in the region of the tympanic orifice of the Eustachian tube and in a 
limited area in the hypotympanum. In these places a columnar, ciliated epithelium was 
thought to be present which gradually passed into the flat type of epithelium. This opinion 
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has changed in the last twenty years and it is now recognized that the composition of the 
normal middle ear mucosa is more complex 
1 2 Origin an structure of the middle ear epithelium 
The opinions concerning the real nature and composition of the middle ear epithelium are 
closely related to those that exist about the embryological development of the middle ear 
space and the subsequent pneumatization of the middle ear and mastoid process Classical 
studies on the embryological development of the middle ear and Eustachian tube were 
carried out by Hammar in the beginning of this century (1902) 
He divided the whole process in 3 periods During the first period (Anlage), the tubo-
tympanic recess is formed as a slit-shaped pouch from the first visceral groove of the 
pharyngeal wall This recess is lined with ciliated, stratified columnar epithelium of 
entodermal origin During the second period (delimitation), a primary tympanic cavity and 
Eustachian tube is formed by constriction of the tubo-tympanic recess During the third 
period (transformation), which extends until after birth, the tympanic cavity and 
Eustachian tube acquire their definite shape In this third period pneumatization takes place 
together with the formation of the epithelial lining of the middle ear space and air cells of 
the mastoid process (fig 1) 
According to Preysing (1904) and Wittmaack (1918), the ingrowing epithelium of the 
nasopharynx is supposed to play an active and dominant role in the pneumatization process. 
whereas other authors (Singer 1933, Ruedi 1937) regard the pneumatization as a process 
primarily starting in the mesenchymal tissue In their view the epithelium only plays a 
secondary role in passively lining the spaces which originate after the disappearance of the 
embryological mesenchymal tissue According to both theories, the final epithelial 
covering is of entodermal origin 
In 1958 an entirely different theory was proposed by Schwarzbart in his so-called 
"Mesenchymal Approach" On the basis of a comprehensive histological study ot more 
than 100 petrous bones, he concluded that the middle ear epithelium must be of 
mesodermal origin with neither cilia, "submucosa" or glands The isthmus of the 
Eustachian tube was considered to be the boundary between the middle ear epithelium and 
the entodermal epithelium of the nasopharynx This concept was partly supported by Buch 
and Jorgensen (1964) In their opinion, there is no sharp boundary and they regard the 
whole middle ear as a transitional area between both types of epithelium 
From several histological studies performed during the last two decades, which 
demonstrated the presence of ciliated and secretory cells in the normal state, the middle ear 
lining is now generally thought to be of entodermal origin During the same period the 
classical concept of the middle ear epithelium as a static covering membrane of flat cells 
and devoid of any functional capacity, has changed From a number of histological studies 
on specimens obtained from the middle ear of humans and animals, it appeared that the 
middle ear mucosa was morphologically more diverse than was generally accepted 
(Sentuna et al 1962b, Bendek 1963, Sade 1966a, Hentzer 1970a,b, Lim 1970, Shimada 
and Urn 1972, Bak-Pedersen and Tos 1973a, I im et al 1973) 
Sentuna ( 1962b) described the existence of a ' 'respiratory epithelium" in the middle ear of 
dogs This was composed of a pseudo-stratified, ciliated, columnar epithelium passing 
gradually into the flat epithelium of the bulla Goblet cells, mainly located near the 
Eustachian tube were consistently found, although the number of these cells varied among 
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Fig. 1. 
LM of middle ear and inner ear of a ten day old rat. The middle ear cavity (ME) is s till filled 
with mesenchymal tissue. Note the beginning luminization (L) in the round window niche 
by invasion of the epithelium originating from the tubotympanic recess. 
C: cochlea; RW: round window membrane (a: x25, b: xIOO; toluidin blue). 
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different animals. Comparable findings were reported by Bendek (1963) on mucosal biopts 
from patients who underwent operation for otosclerosis and had no history or signs of 
infective ear disease. Furthermore, he observed glandular structures in 30% of these 
patients. An extensive morphological study on the normal middle ear epithelium was 
carried out by Sadé (1966a). He investigated the middle ear mucosa in a great number of 
normal human petrous bones, which varied in age from 6 month foetal life till 95 years. The 
obtained data revealed that a large part of the middle ear mucosa was covered with cilia. 
The ciliated cells formed distinct and consistent tracts, which covered the anterior tympanic 
cavity, the hypotympanum (inferior tract), the roof (superior tract) and part of the 
promontory. Similar observations on the presence of ciliated cells and their arrangements 
in tracts, suggestive for a function in ciliary clearing of the tympanic cavity have also been 
made by Lim and Hussl (1969), Hentzer (1970a) and Shimada and Lim (1972). Besides 
these ciliated areas, scattered ciliated cells were also observed on the ossicles (Shimada and 
Lim 1972), on the tympanic membrane (Lim and Hussl 1969, Hentzer 1970a) and in the 
mastoid process (Hentzer 1970a, Shimada and Lim 1972). 
Secretory cells have also been found to be a normal constituent of the middle ear mucosa of 
humans as well as animals and their localisation always parallelled that of the ciliated areas 
(Sade 1966a, Hentzer 1970a,1976, Lim et al. 1973, Maedaetal . 1976). The density of the 
secretory cells was found to be highest near the tympanic orifice of the Eustachian tube, 
decreasing posteriorly with the smallest amount in the mastoid process (Lim et al. 1973). 
A further differentiation of the secretory elements has been made by Sadé (1966a) who 
distinguished three different mucus-forming elements: glands, goblet cells and remarkably 
even ordinary ciliated and nonciliated cells. 
Extensive studies on the quantity and distribution of goblet cells in the tympanic cavity of 
normal prematures, newborn infants, children and adults were performed by Bak-Pedersen 
and Tos (1973a, 1974) and Tos and Bak-Pedersen (1974,1976) using whole mount 
specimens. Although the density of goblet cells exhibited marked variations, they appeared 
to be present in all parts of the tympanic cavity and mastoid process. There was a distinct 
decrease in the density of goblet cells from the tympanic orifice towards the posterior areas 
of the middle ear and the mastoid process. In prematures a low number of goblet cells was 
found. This number increased in newborns and infants and decreased again after the age of 
seven. 
From electronmicroscopical observations on both humans and animals it became evident 
that in the normal middle ear lining the same elements can be seen as in other parts of the 
upper respiratory tract (Lim et al. 1967, Lim and Hussl 1969, Kawabata and Paparella 
1969, Hentzer 1970b, 1976, Lim and Shimada 1971). According to these observations the 
normal middle ear mucosa consists of 4 cell types: 
a. The non-ciliated cell. 
This cell contains no secretory granules nor cilia and has a rather large nucleus and scarce 
mitochondria. Microvilli are frequently seen on the free cell surface. 
b. The ciliated cell. 
The ciliated cell in the middle ear has the same cyto-architecture as ciliated cells elsewhere 
in the body. They contain a moderate number of mitochondria scattered throughout the 
cytoplasm. 
с The secretory cell. 
The secretory cells can be distinguished in cells with light granules, cells with dark granules 
and cells containing both light and dark granules. The light granulated cell, which often has 
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the appearance of the typical goblet cell is the most frequent and is mainly located in the 
Eustachian tube and in the anterior part of the tympanic cavity. The dark and mixed 
granulated cells are less frequent and are mainly located on the promontory. The nucleus of 
the secretory cell is often pushed down to the base of the cell by the large amount of 
secretory granules. The cell contains a well developed Golgi-apparatus and endoplasmatic 
reticulum. With respect to the secretory products of these cells, there is no certainty 
concerning the precise chemical composition. On the basis of autoradiography (Lim 1970, 
Lim et al. 1972) and histochemical staining characteristics (Hussl and Lim 1969) it has 
been suggested that the dark granulated cells are protein-secreting (serous type) and that the 
light-granulated cells produce glycoproteins (seromucous type) (Lim 1979b). However, 
Haye (1973) and Hentzer (1976) considered the dark as granules an immature stage of the 
actual secretory product. 
The non-ciliated cell, the ciliated cell and the secretory cell can be present in a columnar, 
cuboidal or even a flat form. 
d. The basal cell. 
This small, dark cell is located on the basement membrane and has a typical triangular 
appearance in cross-section. It has a relatively dense cytoplasm and only a few 
cytoplasmatic inclusions. They are generally thought to be stemcells which can 
differentiate into mature, more specialized epithelial cells (Rhodin 1959, Lim and Klainer 
1971, Hentzer 1976, Friedmann 1980). In addition, Hentzer (1970b, 1976) described a fifth 
cell type (the intermediate cell) which he supposed to be an intermediate form between the 
basal cell and the more differentiated cell types. 
1.3. Functional aspects of the middle ear epithelium 
On account of the observations made on the morphology of the various components of the 
middle ear epithelium, it is reasonable to assume that this epithelium has a more extensive 
function than only lining the wall of the middle ear. 
The experiments of G. Holmgren (1934), Sato (1939), Compere (1960) and Rogers et al. 
(1962) showed that foreign substances as xeroform powder, charcoal, fluorescent dye and 
radiopaque substances, applied to the middle ear mucosa, were transported from the 
tympanic cavity into the nasopharynx. Although these authors originally described this 
method as a technique for evaluating tubal function and patency, these experiments pointed 
towards an active involvement of the middle ear epithelium in the removal of these 
substances. Because the tympanic orifice is located high up in the anterior wall of the 
cavity, the removal of these particles can only be explained as resulting from an active 
transport mechanism. 
Proof for the existence of such a clearing mechanism was visualized by Sade (1967). He 
placed charcoal particles on the promontory of patients with a large perforation in the 
tympanic membrane, and under the operation microscope he traced the course of these 
particles on their elimination pathway through the Eustachian tube. In this process an active 
involvement of the ciliated tracts was observed. The same mechanism was later also 
observed by Lim (1974) on fresh temporal bones from human cadavers and by Lim et al. 
(1973) in guiñe apigs. 
From these observations, together with the known presence and distribution of ciliated and 
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secretory cells, it has become evident that the middle ear epithelium has a function in 
mucociliary transport, which can be regarded as a defense system (Sade 1971, Lim 1974) 
The mucus-blanket, containing considerable amounts of glycoproteins and necessary for 
the functioning of the muco-cilmry transport mechanism, is produced by the secretory cells 
in the middle earepithelium (Sentuna et al 1958, Veredetal 1972, Lim 1976, Palvaetal 
1976b, Sade 1979) 
In addition to its contribution to the mucociliary transport system another important role 
tan be ascribed to the product of the secretory cells since this has been shown to contain 
immunoglobulins and enzymes Data obtained by Lim et al (1972) from an 
immunofluorescent study were suggestive for the existence of a local immune system as in 
other parts of the respiratory tract (Tornasi 1968, 1972, Rossen et al 1968,TourviIleetal 
1969) Further evidence can be derived from several biochemical studies which revealed an 
increased amount of gamma-globulins in middle ear effusions, especially in the 
longstanding cases of S Ο M (Carlson and Lokk 1955, Aro and Kouvalaincn 1966, Juhn 
etal 1971, v d Calseydeetal 1971) According to Carlson and Lokk (1955) the increased 
concentration of gamma-globulins could be due to a local synthesis by the middle ear 
mucosa, rather than to a process of transudation and resorption Furthermore, they 
observed an electrophoretic pattern of gamma-globulins in middle ear effusions, which was 
different from that in serum This observation was confirmed by ν d Calseyde et al 
( 1971 ) Substantial proof for the existence of a local immune system in the middle ear was 
given by the investigations of Bernstein et al (1972), Ishikawaetal (1972)and Mogi et al 
(1973a,b, 1974a,b) They not only identified the presence of secretory IgA (S-IgA) and 
secretory component (S С ), characteristic for the local immune system, in the effusions of 
patients with S O M , but were also able to localize these substances in the epithelial cells 
of the mucosa The concentration of S-IgA was found to be significantly higher in the 
"mucoid" type of effusion than in the "serous" type (Mogi et al 19733^, 1974) 
Furthermore, an increase of IgA-containing plasmacells and epithelial cells was observed 
after tubal obstruction in animal experiments (Hussl and Lim 1974) Apart from these 
pathological cases, S С and IgA were also demonstrated in normal middle earepithelium 
(Ogra et al 1974, Hussl and Lim 1974) 
These data give conclusive evidence that the middle ear mucosa has a local immune defense 
system although also circulating antibodies are involved in the immunological defense of 
the middle ear 
Apart from the local production of immunoglobulins the middle ear mucosa also seems to 
produce other antibacterial substances In 1952 Siirala and Lahikainen observed a 
bacteriostatic and bactericidal factor in middle ear effusions which resembled the so-called 
lysozyme discovered by Fleming ( 1922) in several body fluids as nasal secretions, tears and 
saliva (Snrala and Lahikainen 1952, Surala 1957) This property must probably be 
attributed to the high amount of lysosomal enzymes which was demonstrated by many 
investigators in the middle ear effusions of patients with S O M (Lim et al 1972,1976, 
Juhnctal 1971, Veltri and Sprinkle 1973, Liu et al 1975, Palvaetal 1974) The source of 
these lysosomal enzymes is still controversial From the presence of lysosomal enzymes in 
the epithelial cells of the normal middle ear and especially in cases of S Ο Μ , together 
with the high level of lysosomal enzymes in middle ear effusions, it can be derived that a 
local production and secretion is likely to take place (Lim et al 1972, 1976, Lupovich and 
Harkins 1972, Palva et al 1976a) But, because lysosomal enzymes are also known to be 
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an important constituent of inflammatory cells (polymorphonuclear cells and 
macrophages), the high fraction of these enzymes in middle ear effusions can therefore also 
be the result of a previous infection (Veltri and Sprinkle 1973, Juhnetal. 1977. Bernsteinet 
al. 1979). 
An additional role in the defense of the middle ear has been attributed to lactoferrin. The 
presence of this iron-binding glycoprotein in the middle ear, which competes with bacteria 
for the available iron, has been demonstrated by Bernstein et al. (1972) and Sade (1979). 
The importance of the local defense mechanism of the middle ear mucosa can be derived 
from the observations made by Liu et al. ( 1975). They found that the percentage of bacterial 
contamination of middle ear effusions was inversely related to the amount of 
immunoglobulins and lysosomal enzymes. 
Finally, the secretory products of the middle ear epithelium together with those of the 
Eustachian tube have been found to facilitate the opening of the Eustachian tube. 
Analogous to a surface tension lowering substance in the alveoli of the lung, Birken and 
Brookler (1972) and Hagan (1977) demonstrated the presence of such a substance in 
washings of the canine Eustachian tube. Lim (1971, 1974) observed small lamellar 
granules resembling pulmonary surfactant granules in the secretory cells of the tube and 
middle ear of humans and guinea pigs. Indirect support for the presence of such a surface 
active substance can be derived from the experiments made by Rapportetal. (1975,1976). 
They observed on fresh temporal bones of guinea pigs that a higher pressure was required to 
open the tube after rinsing the lumen with saline. 
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Chapter 
II 
Secretory otitits media 
2.1 Introduction 
The first description of S О M is generally attributed to Adam Polit/er (1867) However, 
from the historical literature it becomes evident that this disease was recognized far before 
his time As mentioned by Pahor ( 1978), even in the sixteenth century it was recognized by 
Fabncius and Bauhin that deafness could be due to a great quantity of mucus in the 
tympanic cavity, especially in children Also a number of other authors (Saunders 1806, 
Kramer 1835, Curtis 1839) had described the clinical picture of S Ο M earlier than this 
century Cleland (1741 ) and Cooper (1801 ) must have recognized the disease because they 
proposed therapeutic measurements for hearing loss due to tubal obstruction viz 
Eustachian tube catheterization and paracentesis respectively (cited by Pahor 1978) 
But it is unquestionable that the work of Politzer has been of invaluable importance for the 
whole field of otology and especially for the problem of S Ο M In his time, the clinical 
picture of accumulating fluid behind the tympanic membrane was widely recognized, but 
there was no unanimity in the terminology or the clinical description of the disease (Gruber 
1870, Mittendorf 1881, Hartman 1897, Posey and Wright 1902, Brühl 1905, Kayser 1905, 
Burger en Zwaardemakcr 1905) It is the credit of Politzer to have defined S O M as a 
distinct disease entity among other ear diseases Based on the characteristics of the fluid he 
distinguished the several middle ear effusions and stressed the necessity of a uniform and 
clear nomenclature His description of the several types of fluid and that of the natural 
course of the disease has retained its value up to the present time (Politzer 1883) 
2 2. Nomenclature 
There is hardly any disease that has been designated with such a variety of confusing terms 
as S Ο M At the end of the nineteenth century the disease was generally classified as some 
form of "catarrh" or "internal otitis" Since that time more than twenty different terms 
have been used for a disease which is charactenzed by the accumulation of fluid in the 
middle ear The most widely used terms are secretory otitis media, serous otitis media, 
mucoid otitis media, otitis media with effusion, glue ear, allergic otitis media, secondary 
otitis, hydrotympanum and tubotympanitis Because of this confusing nomenclature, 
several attempts have been made to introduce a universal classification The most recent 
propositions originate from Sentuna (1976) and Paparalla (1976), starting from the 
viewpoint that accumulation of fluid in the middle ear is the common feature of S Ο M 
Paparella classified this disease by denominating the clinical picture on the character of the 
accumulated fluid For example, in the case ot serum-like fluid, serous otitis media must be 
the clinical analogen, in the case of mucoid fluid it is mucoid otitis media A purulent fluid 
refers to the common acute otitis media When a combination of these fluids is present it 
should be designated according to their composition ι e seropurulent or mucopurulent 
otitis media 
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2.3. Clinical picture and incidence 
Secretory otitis media can be clinically defined as the accumulation of fluid behind an intact 
tympanic membrane, this in the absence of clear signs of acute infection. The nature of this 
fluid can vary from thin watery or serum-like (serous otitis media) to a very thick, viscid 
fluid with a cloudy white, yellow or brown colour (mucoid otitis media). Also admixtures 
of these fluids can occur, sometimes accompanied with minor signs of purulent infection 
(mucopurulent, scropurulent otitis media). Pain is not the dominant symptom but some 
patients can complain of minor otalgia or a feeling of fullness in the ear. The main symptom 
is hearing loss of the conductive type, due to the fluid in the tympanic cavity which hampers 
the oscillations of the tympanic membrane and the ossicles. The degree of hearing loss 
varies with the amount and character of the fluid and can reach 50 dB, the average being 
about 28 dB (Sade 1979). 
S.O.M, is a disease, especially encountered in children between the age of 2 and 10 years, 
although it sometimes occurs in adults. It is by far the most common cause of hearing loss in 
children and possibly even the most frequent chronic disease in paediatrie practice 
(Fabritius 1968, Paradise 1976). The highest incidence is found between 3 and 6 years of 
age (Grote and Kuijpers 1979, Sade 1979). However, it is difficult to obtain an exact figure 
with regard to the real incidence of S.O.M. This is not only due to the different methods of 
screening and the problems encountered in audiometrie examinations of young children, 
but also because the incidence of S.O.M. has been shown to be related to such variables as 
socio-economic factors and seasonal influences (Harvey 1976, Sade 1979). 
Audiometrie studies among school children in Scandinavia show percentages of reduced 
hearing varying from 3.2 to 15.6%. According to Fabritius (1968) this hearing loss can be 
mainly attributed to S.O.M. Screening by means of impedance audiometry is found to be 
more effective than pure tone screening in the detection of S.O.M. This method, which is 
also applicable in very young children, reveals that 30% of children in their first year at 
school can be affected with S.O.M. (Brooks 1976, Renvall and Holmquist 1976). Brooks 
(1976) made use of this method in a longitudinal study in 80 children during their 
schoolperiod. Approximately 50% of the children showed no signs of S.O.M. during this 
period, 33% had limited periods of S.O.M. and the remaining percentage had repeated or 
persistent signs of S.O.M. during a substantial period of time. Tos recently described the 
results of a repetitive tympanometric study in young children. He found that 36% of all 
healthy children had a period of S.O.M. at least once during the first two years of life. He 
rendered it probable that at least 75% of all children will suffer from S.O.M. during some 
period in the first 8 years of life (Tos 1979a). 
It has frequently been suggested that there is a steady increase in the incidence of S.O.M. 
during the last decades. Whether this is true or not is difficult to estimate, but there are 
reasons to query this assumption. This suggested increase might be attributed to the use of 
better screening methods as well as to the fact that S.O.M. is now well-known among 
schooldoctors and consultants in health centers, leading to a higher percentage of detection. 
Furthermore, it appears that S.O.M. has also frequently been observed during the past 
century. Curtis (1839), cited by Pahor (1978), stated that Eustachian tube obstruction was 
the most frequent cause of deafness in young children and Hinton (1874) claimed the 
otoscopical signs of S.O.M. tobe the most common deviations from the healthy stateseen 
in the tympanic membrane. 
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2 4. Etiology 
Although S O M has been recognized for more than a century as a very frequent disease, 
there is still no unanimity about the etiology of S Ο M Most presentday authors however 
feel that several factors contribute to the etiology of S О M But the sequence of events and 
the way in which the several factors contribute to the clinical picture and its prolongation is 
still unknown 
In the course of time several theories one the etiology of S Ο M have been proposed, 
frequently associated with on enologie factor These are 
1 Hydrops ex Vacuo (transudation) 
2 Infection (exudation) 
3 Enhanced secretory activity 
4 Allergy 
Because these theories have played and still play an important role m the conceptions on the 
pathogenesis of S Ο M , they will be discussed successively 
2 4 1 Hydrops ex Vacuo 
This theory, also known as the transudation theory and associated with the names of Zaufall 
(1870), Bezold (1883) and Politzer (1867), is the oldest This theory presupposes a 
complete, mechanical blockage of the Eustachian tube which would result in a negative 
pressure in the tympanic cavity due to the resorption of ox>gen and nitrogen from this 
cavity Subsequently this would lead to a mucosal oedema (Hyperaemia ex Vacuo) and to a 
transudation ot serum into the tympanic cavity (Hydrops ex Vacuo) 
Clinical evidence for this theory was derived from the observed inward retraction of the 
tympanic membrane as the expression of a negative middle ear pressure and the 
accumulation of a serum-like fluid behind the tympanic membrane Negative bacterial 
cultures from middle ear fluids were thought to be conclusive for the absence of an infective 
etiology and in favour of the transudation theory Indeed in S Ο M inward retraction of the 
tympanic membrane and accumulation of a serum-like fluid in the middle ear cavity can 
frequently be found and these findings are very similar to the events, assumed to occur 
according to the transudation theory Support can also be derived from the observation that 
in cases of middle ear barotrauma, in which a sudden pressure fall is supposed to occur in 
the middle ear, the tympanic membrane is retracted and fluid accumulates in the middle 
ear A similar pattern can also be seen in mechanical obstruction of the Eustachian tube in 
nasopharyngeal malignancies These phenomena can even be the first manifestations of 
such a tumor Moreover, a cleft palate interferes with the opening-mechanism of the 
Eustachian tube, and in these patients, S O M is an almost universal problem (Paradise 
1976, Dickson 1976) 
In addition to these clinical observations, physiological studies on the gas exchanges in the 
middle ear cavity can also supply evidence in favour of the transudation theory According 
to Einer (1976) the sum of the partial pressures of the gases in the tissues is about 700 mm 
Hg and in the middle ear about 760 mm Hg (atmospheric pressure) So there is a diffusion 
gradient of 60 mm Hg In the normal middle ear (an open nonventilated gas pocket) the 
concentration ot CO2 is in a state of equilibrium with the concentration in the surrounding 
tissues while oxygen and nitrogen are absorbed This absorption creates an underpressure 
Π 
which is equilibrated by the periodical opening of the Eustachian tube. When the 
Eustachian tube is obstructed, the middle ear represents a so called "closed cavity" from 
which all gases are thought to be absorbed. Because equilibration of the pressure is not 
possible in this case, a substantial negative pressure will be created in the middle ear, 
followed by retraction of the tympanic membrane and transudation of fluid from the 
mucosal vessels of the middle ear. 
Studies on the relationship between middle ear pressures and transudation were performed 
by van Dishoeck with the aid of the pneumophone. (Van Dishoeck 1941, 1949). He 
recorded negative pressures of 50-60 mm H2O not only in pathological cases, but also in 
normal humans. In his opinion this pressure is not high enough to produce transudation and 
he postulated a negative pressure of about 150 mm H2O as in acute barotrauma, be 
necessary to obtain transudation. Therefore, additional factors were considered to be 
necessary for the accumulation of fluid in S.O.M. Flisberg et al. (1963), in a study on 
volunteers, showed that a transudate was found at a negative pressure of 20-30 mm Hg 
within 15 minutes. 
Various animal experiments have been performed which favour the concept that occlusion 
of the Eustachian tube can lead to a negative pressure in the middle ear and a transudation of 
fluid. G. Holmgren (1934) was able to measure a steadily declining pressure and the 
accumulation of fluid after ligation of the Eustachian tube in dogs. These findings were 
later confirmed by L. Holmgren (1940) who measured a maximum negative pressure of SO-
TO mm H2O in dogs and also measured negative pressures in patients with S.O.M. 
Comparable findings were done by Proud et al. (1970, 1971) after tubal ligation in cats. 
They also noticed a steadily declining pressure and the accumulation of a transudate in the 
middle ear. In a controlled study in guinea pigs, Hiraide (1978) demonstrated the 
accumulation of fluid even after the application of a negative pressure of 5 mm Hg within 5 
minutes. 
Furthermore, electrophoretic studies have revealed that the protein pattern of middle ear 
effusions of patients with S.O.M. closely resembles that of serum. (Aro and Kouvalainen 
1966, Tonder and Gundersen 1971, Juhn et al. 1971). In shortterm tubal occlusion 
experiments no difference at all could be found in the composition of middle ear effusions 
and serum (Paparella et al. 1970, Juhn and Huff 1976). Hiraide and Paparella (1972) 
demonstrated with a "carbon-particle vascular labeling technique" an increase in the 
passive transfer of fluid from the mucosal vessels to the middle ear cavity. This 
phenomenon, which was explained by the creation of an abnormal low hydrostatic pressure 
in the middle ear cavity, was not only seen after experimental tubal occlusion but also 
within minutes after applying suction to the middle ear. 
These observations, both clinical and experimental suggest that fluid passing from the 
mucosal vessels into the tympanic cavity can be a possible source of fluid in S.O.M., 
especially in the initial phase. 
2.4.2. Infection 
Although the Hydrops ex Vacuo theory is the oldest theory on the genesis of the fluid in the 
middle ear, it has also been argued fora long time and by many authors'that infection of the 
middle ear mucosa is the most important underlying cause. In this context it is remarkable 
to note that Politzer, who is always associated with the transudation theory, explicitly 
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points to the role of infection in the origin of fluid in the middle ear (Politzer 1883). 
Although he agrees with the concept that transudation may occur in cases where the 
Eustachian tube is impermeable, he states that exudation into the middle car is caused in 
first instance by the inflammatory changes in the mucous membrane. Several 
contemporaries of Politzer also believed that infection of the middle ear mucous membrane 
was the most important causative agent in the genesis of "middle ear catarrh", and they 
therefore designated the fluid as an exudate. (Gruber 1870, Mittendorf 1881, Brühl 1905, 
Knight and Bryant 1912). 
Several clinical observations were also adversative to the transudation theory as the 
explanation for S.O.M. Especially Blegvad (1931), a convinced opponent of the old 
Hydrops ex Vacuo theory, disputed all the classical arguments put forward in favour of the 
transudation theory. First of all, the fluid in the middle ear was not always serum-like on 
otoscopical examination, but frequently of a cloudy white or brown colour with a viscid, 
tenacious character. Furthermore, there were often signs of mild infection, both on 
otoscopical examination of the tympanic membrane and microscopical examination of the 
middle ear fluid and the middle ear epithelium. Secondly, the tympanic membrane was 
often found not to be retracted and sometimes even bulging, while paracentesis of a 
retracted tympanic membrane did not always restore its natural position, as should be 
expected when there is a negative middle ear pressure. Furthermore, it seemed that the 
Eustachian tube was not completely blocked at all in many cases of S .Ο. M. (Blegvad 1931, 
Zöllner 1935), an observation already described by Von Troltsch in 1861 who was 
surprised to find an open tube in a great number of autopsies on patients who had a catarrh 
of the middle ear. Ten years later Blegvad (1941) argued against the conclusions of L. 
Holmgren (1940) made on his tubal occlusion experiments in dogs. According to Blegvad 
these experiments pointed to a exudative genesis of the fluid, rather than to an transudative 
genesis. 
Identification of bacteria in the middle ear fluid, either by direct smear or by culture, should 
be an argument in favour of the exudation theory but the results of bacterial investigations 
on middle ear fluids have been disappointing. Scheibe (1892), Löwy (1938), King (1953) 
and Ivstam (1954) were not able to culture microorganisms from the middle ear fluid, 
whereas Forschner (1925) and Blegvad (1931) did report positive bacterial cultures but 
only in a minor number of the cases. 
These contradictory findings and the strong influence of the old transudation theory can 
presumably be held responsible for the persistent survival of the traditional concept that 
S.O.M. is a sterile process. This opinion is still widely accepted despite the fact that in 
more recent studies the percentages of positive cultures were higher and varied from 25% to 
73% (Senturia et al. 1958, Silverstein 1966, Bernstein and Hayes 1971, Liu et al. 1975, 
1976, Healy 1977, Juhn et al. 1977, Lim 1979b). 
King (1953) correlated the nature of the fluid with the presence of bacteria. Although he 
could not yield positive cultures from his material, he did find bacteria in smears in 11 out 
of 35 cases with the thick, mucoid fluid and no bacteria in the thin, serous type of effusion. 
Senturia et al. (1958), in a comprehensive study, further divided the middle ear fluid of 
patients with S.O.M. based on cytologic findings in serous, purulent, mucopurulent and 
mucoid categories. The overall number of positive bacterial culture was 41%. The highest 
percentage was found in the muco-purulent variety (51%), whereas the serous type showed 
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33% positive cultures The typical mucoid type contained only 25% positive cultures Also 
Liu et al (1975, 1976) observed relatively more positive cultures in the serous effusions 
than in the mucoid category However in a recent report, Lim (1979b) found only a slight 
difference between the serous and the mucoid types and Healy (1977) even reported no 
difference at all These findings indicate that there is no clear relationship between positive 
cultures and the nature of the effusion 
Furthermore it appeared that the presence or absence of bacteria in direct smears does not 
correspond with the results of bacterial cultures (Sentuna et al 1958), Liu et al 1975, 
1976, Lim 1979b) In this context it must be noted that, according to the data reported by 
Fishmannet al (1960) and Adlingtonand Davis (1969), who failed to isolate viruses from 
middle ear effusions, a viral etiology does not seem to play an important role in S Ο M 
An explanation for the problems encountered in culturing microorganisms from middle ear 
effusions was given by Snrala and Lahikainen (1952) and Snrala (1957), who 
demonstrated that middle ear fluid had bacteriostatic and even bactericidal properties On 
plates where several pathogenic bacteria were cultured, growth was inhibited on those sites 
where a drop of middle ear fluid was placed They concluded that middle ear fluid 
contained antibacterial factors, resembling lysozyme, which was discovered in 1922 by 
Fleming 
Presently, it is generally accepted that the secretory products from the middle ear 
epithelium indeed contain antibacterial factors as locally produced immunoglobulines and 
lysosomal enzymes (Chapter I) This has been suggested to be the underlying cause for the 
failure of culturing bacteria from middle ear fluids A close relationship between positive 
cultures from middle ear fluids and the content of immunoglobulins and lysosomal 
enzymes in these effusions has been shown by Liu et al (1975) Additionally this 
phenomenon has been suggested to be age-related as an expression of the maturation of the 
immune defense system (Lang et al 1976, Healy 1977) 
The cellular content of middle ear effusions has also been used as a method to elucidate the 
etiology of S Ο M According to the transudation theory, a cell-free or cell poor fluid 
should be expected, while according to the infection theory the number and type of cells 
should reflect the infective genesis It has been found that all effusions of patients with 
S O M contain cells, but the number and mutual distribution of these cells varied with the 
nature of the fluid Neutrophils, lymphocytes and macrophages are the predominant cells in 
S O M and are found in nearly all cases (Lupovich and Harkins 1972, Palvaetal 1976a, 
Juhn et al 1977, Lim 1979) The serous effusions have generally been shown to contain 
less cells than the mucoid variety and also the percentage of neutrophils is lower than in the 
mucoid variety (King 1953, Juhn et al 1977) 
The reported data on the presence of microorganisms in middle ear fluids as well as on the 
cellular content of this fluid seem to be an argument in favour of an involvement of infective 
processes during the course of S О M (Lupovich and Harkins 1972, Palva et al 1976a) 
To settle the problem of a transudative or exudative etiology of S Ο M many animal 
experiments have been performed to obtain further evidence for the proposed theories The 
majority of the experimental studies is based on the assumption that the function of the 
Eustachian tube is of crucial importance in S Ο M From this point of view, it is 
understandable that animal experiments were undertaken with the objective to interfere 
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with normal tubal function by creating a dysfunction or complete obstruction of the 
Eustachian tube. However, from the majority of these studies it appears that infection of the 
middle ear cavity was an almost invariably encountered complication in these experiments. 
(Beck 1920, Claus 1930, Sade et al. 1959, Senturia et al. 1962a, Main et al. 1970, Lim and 
Hussl 1970, Juhnetal. 1977, Goycoolea et al. 1979). Sade et al. (1959) and Senturia et al. 
(1962a) reported that tubal obstruction in dogs resulted in the accumulation of fluid in the 
middle ear, which could be classified as serous, seropurulent, purulent or mucopurulent, 
comparable with the categories of human middle ear effusions. Sade et al. (1959) 
demonstrated the presence of bacteria in 22 out of 24 effusions. The effusions always 
contained high numbers of inflammatory cells, even in those fluids which macroscopically 
appeared to be of a transudative type. Also Senturia et al. (1962a) obtained positive 
bacterial cultures in the majority of the middle ear effusions. The predominant infective 
agent appeared to be a streptococ which could also be isolated from the nasopharynx. They 
concluded, that differences in the cytological and physical characteristics of the fluid must 
be attributed to individually varying immunological responses. Comparable observations 
on the variation in the physical characteristics of the accumulated fluid were made by Juhn 
et al. (1977) and Goycoolea et al. (1979). These latter authors made a careful analysis of the 
course of events induced by tubal occlusion. They obstructed the Eustachian tube in cats by 
the insertion of silastic sponges in the pharyngeal orifice of the tube. During the first days 
an accumumlation of fluid was observed which contained an increasing number of 
inflammatory cells. The consistency of the fluid which was thin-serous at the beginning, 
increased in viscosity during the 6 months of observation and at that time also cholesterol-
clefts were seen in the middle ear cavity. The epithelial lining of the middle ear gradually 
became more columnar and hyperplastic, reaching its maximum at one month. Goblet cells 
were found to increase in number and were actively secreting. Cellular infiltration of the 
stroma, especially with polymorphonuclear cells and plasmacells was observed throughout 
the observation period. From these observations they concluded that in the formation of 
middle ear fluids transudatory, exudatory, and also secretory elements are all involved. 
2.4.3. Enhanced secretory activity 
Although, according to the infection theory, the middle car fluid in S.O.M. is said to be an 
exudate, it does not become evident whether and to what extent the middle ear epithelium 
proper is actively involved. Notably Bak-Pedersen and Tos put forward that a hyperplasia 
and a metaplastia of the epithelium of the middle ear lining itself under certain pathological 
conditions can result in a very strong increase in the secretory activity of this epithelium. 
These secretory products arc also thought to contribute for a substantial part in the total 
amount of fluid encountered in S.O.M. (Bak-Pedersen and Tos 1971, Tos 1974). 
Although this concept has become widely accepted in recent years it is far from a recent 
discovery. As early as 1870 Gruber described a transformation of the infected middle ear 
epithelium which became secretory active. Also Hartmann (1897) and Mittendorf (1881) 
recognized the importance of the secretory activity of the middle car epithelium in S.O.M. 
The latter author even states: "the principal feature of the process is an increase of the 
secretion which is especially mucous". Likewise Beck (1926) and Ojala (1950) suggested 
that the middle ear epithelium under certain conditions gains mucus-secreting properties. 
But these observations did not receive the attention they deserved, probably because the 
middle ear lining was still generally considered as a thin covering membrane which was 
devoid of functional properties. 
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A classic article by Friedmann (1955b) sparked new interest in the function and properties 
of the mucosa ol the middle ear and its possible role in the pathogenesis of middle ear 
diseases He infected the middle ear of guinea pigs with virulent microorganisms and 
observed a conversion of the original flat, endothelium like epithelium into a columnar 
respiratory type of epithelium which was ciliated, actively secreting and contained gland­
like structures He also found in human material that the middle car epithelium was able to 
convert into a columnar, ciliated, respiratory type of epithelium with gland-like structures 
In his opinion, this altered mucosa is an important source of the mucoid secretion and might 
explain the problem of chronicity encountered in so many cases of S Ο M , even when the 
tube is patent (Friedmann 1963) These observations were complemented with the 
observations made by Sentuna et al (1958), that the mucoid and mucopurulent forms of 
middle ear effusions in man contained a high amount of glycoproteins which were assumed 
to originate from the middle ear mucosa, that was transformed into a secretory epithelium 
under the influence of a smoldering infection Further support for an enhanced secretory 
activity of the middle ear mucosa in S Ο M was given by Sade (1965, 1966b, 1974) He 
studied biopts of the middle ear mucosa from patients with S O M and found that in 
comparison with the normal situation a substantial increment in the number of mucus 
producing elements was present The hypertrophied mucus-producing elements were 
regarded as a normal response of the middle ear mucosa to infection and were thought to be 
responsible for the chronic cases of S Ο M Comparable findings on metaplastic changes 
of the middle ear epithelium in S Ο M have been reported by many other authors (Bendek 
1963, Zechner 1965, Lim and Birck 1971, Gundersen and Gluck 1972) 
A great deal of the present knowledge on metaplastic changes occunng in the middle car 
epithelium in S О M is derived from the studies ot Bak-Pcdersen and Tos They not only 
described metaplastic changes of the epithelium but also quantified these changes An 
enomnous increase in the goblet cell density in biopts, taken from the anterior part of the 
promontory was observed in children with S O M when compared with normal ears 
(Bak-Pedersen and Tos 1973a, Tos and Bak-Pedersen 1975, 1976b) Also the number of 
mucous glands in S Ο M increased Furthermore, a positive correlation between the 
seventy of the disease and the number of actively secreting glands was established (Bak-
Pedersen and Tos 1973b,с. Tos and Bak-Pedersen 1973) In their opinion, glands can be 
formed in the middle ear mucosa in S Ο M These glands should develop analogous to the 
embryogenesis of glands, ι e as a solid cylinder ot epithelial cells which undergoes 
dichotomous division and secondary canalization These glands are assumed to degenerate 
after some time, so that developing, secreting and degenerating glands can be found in the 
middle ear of patients with S O M (Bak-Pedersen and Tos 1971, Tos and Bak Pedersen 
1972) These changes are not unique for S Ο M , but were also encountered in other 
middle car diseases (Bak-Pedersen and Tos 1973b, Tos 1974, Palva et al 1975) 
In addition to these findings in humans, comparable changes of the middle ear mucosa have 
been observed in animal experiments after tubal occlusion (Sentuna et al 1958, Main et 
al 1970, Lim and Hussl 1970, Arnold and Vosteen 1975, Juhnet al 1977, Goycooleaetal 
1979) These data supply morphological evidence that in S Ο M there is an increase in the 
secretory active elements (goblet cells, glands or gland-like structures), presumably 
provoked by an infective process It is very likely that this enhanced secretion can 
contribute to a considerable degree to the total amount of middle car fluid, especially in the 
mucoid variety of S Ο M 
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2.4.4. Allergy 
The role of allergy in the etiology of S Ο M is a controversial one Especially in the 
American literature there are many reports dealing with the major role of allergy as 
etiologic factor The percentages in which allergy is thought to be responsible for the 
accumulation of middle ear fluid vary widely and are highly dependent on the criteria used 
for establishing allergy, patient selection and the personal interest of the author 
A low incidence of respiratory allergy inpatients with S Ο M , varying between 3 and 10% 
was reported by Suehs (1952), Silverstein (1966) and Kersley Davison (1966) and 
Bernstein and Reisman (1974) however, found an incidence of respiratory allergy in their 
patients with S O M which was about twice as high as to be expected in the general 
population Also Draper (1967), who compared the incidence of S Ο M in allergic 
childeren and in non-allergic children reports a more than twofold incidence of S Ο M in 
children with allergy Other authors came to still higher numbers of allergic manifestations 
in patients with S O M , even as high as 94% (Jordan 1949, Leeks 1961, Fernandez and 
Mc Govern 1965, Dees and Lefkowitz 1972) 
Those authors who believe that allergy is an important factor in the etiology of S О M base 
their opinion mainly on clinical observations of an atopic constitution, positive family 
history, signs of nasal allergy and on the beneficial effect of antiallergic treatment or 
elimination diets (Weekes 1958, Heisse 1961, Clemis et al 1966, Mc Governetal 1967, 
Rapp and Fahey 1975) 
Substantial evidence of a pure allergic etiology in S Ο M is difficult to obtain A high 
eosinophil cell count in middle ear effusions could be a strong argument for this hypothesis, 
but this has never been found Eosinophils in middle ear effusions have been reported to be 
scarce (Suehs 1952, King 1953, Ivstam 1954, Sentuna 1960, Palva et al 1976a) or 
completely absent (Leeks 1961, Lupovich and Harkins 1971) 
Also immunological investigations of middle ear effusions gave no conclusive evidence of 
a direct allergic reaction in the middle ear mucosa (Bernstein and Reisman 1974, Palva et 
al 1976a, Mogi et al 1974c, Liu et al 1975, Lewis et al 1978), although some authors 
have reported an increased level of IgE in the middle ear effusions (Phillips et dl 1974, Lim 
étal 1976a) 
That an allergic reaction towards foreign substances can occur in the mucosa of the middle 
ear seems likely because it is a direct extension of the respiratory epithelium of the 
nasopharynx Proof for this assumption can be derived from animal experiments Hopp et 
al (1964) sensitized guinea pigs to bovine albumin and when challenged by 
intratympamcal injection of the antigen, an oedematous and proliferative reaction of the 
middle ear mucosa was observed Miglets (1973, 1976) did comparable experiments in 
monkeys with ragweed pollen Microscopical examination of the middle ear mucosa 
revealed the typical histological characteristics of a type I immune respons IgE levels in 
serum were increased in the sensitized animals and IgE was also present in the effusions 
Immuno-fluorescence studies revealed the presence of IgE specific mastcells and 
plasmacells in the middle ear mucosa of the sensitized and challenged animals 
In the discussion of an allergic origin of middle ear effusions, it should be realized that this 
might occur by a direct or an indirect pathway 
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The role of allergy can be a primary one, which means that an allergic reaction in the middle 
ear mucosa, provoked either by an inhalant or food allergen, should contribute in the 
genesis of the middle ear fluid (Derlacki 1952, 1965, Heisse 1963, Hopp et al 1964, 
Clemis et al 1966, Dees and Lefkowitz 1972) The animal experiments of Hopp and 
Miglets have shown that this is theoretically possible However, it is difficult to imagine 
how an allergen can reach the tympanic cavity in the absence of a perforation in the 
tympanic membrane 
Allergy can also be presumed to play an indirect role in the genesis of S Ο M , by eliciting 
swelling of the mucosa of the nasopharynx and so be a predisposing factor to infection of 
the upper respiratory tract and tubal malfunction (Sentuna 1960, Leeks 1961, Reisinan and 
Bernstein 1975) The higher incidence of S О М in allergic children as reported by several 
authors, together with the failure to give definite proof for an allergic reaction in the middle 
ear of patients with S O M , points to the latter assumption This agrees with the 
conclusion of Tos (1979b) in a recent review on the role of allergy in S Ο M , that nasal 
allergy propably contributes to Eustachian tube malfunction and middle ear pathology but 
that there is no definite evidence to suggest a direct relationship between allergy and 
S O M 
2 5 Natural course and therapy 
Although S O M is a well-recognized clinical entity at present, it is important to realize 
that it can present itself in many forms on account of the large variation in the character and 
amount of the accumulated fluid The natural course and the duration are unpredictable, 
while during the course of the disease one forni can pass into another 
Generally, S O M heals spontaneously in most patients without leaving serious sequelae 
(babntius 1968, Sade 1979, Barfoed and Rosborg 1980) Tos and Poulsen 1980 It can be 
said that S O M is in most cases a self-limiting disease on account of the high percentage 
of spontaneous healings (Sade 1979) This self-limitation largely depends on the ability of 
the ear to reaerate itself and this is directly related to the functioning of the Eustachian tube 
In this context is must be noted that in normal children the ability of the Eustachian tube to 
equilibrate pressure differences between middle ear and nasopharynx is not as good as in 
adults (By lander et al 1980) Moreover a poor tubal function is a constant finding in patients 
with S О M (Renvall and Holmquist 1974, Holmquist and Renvall 1976, Ingvarssonet al 
1980) 
The recovery of a malfunctioning Eustachian tube in children with S Ο M is supposed to 
be influenced bj more than one factor When the child grows older, anatomical alterations 
in the skull result in a narrowing of the lumen and a change in the course of the tube This 
would make it less susceptible for infections, which are thought to be a main causative 
factor in malfunctioning ofthe tube Another important factor is supposed to be the 
maturation and responsiveness of the immunological defense system against infections of 
the upper respiratory tract, often related to Eustachian tube dysfunction (Liu et al 1975, 
Langetal 1976) 
Treatment of S Ο M is not indicated in all cases It largely depends on the rate of hearing-
loss and to what extent a child is impeded by this hearing-loss Because of the duration of 
the disease or the severity of the symptoms it may be necessary to intervene 
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The principal aim of treatment is the recovery ol normal tubal function This is logically 
achieved by controlling the factors causing tubal obstruction When the tube is 
malfunctioning as a result of intra- and peritubal oedema as is seen during infections of the 
upper respieratory tract, these infections should be treated Especially sanation of 
chronically infected sinuses can be very beneficial (Nickman 1978, Grote and Kuijpers 
1980) A beneficial effect of ddenoidectomy, a frequently performed procedure in S Ο M 
is still questionable Mawson et al (1967) and Dawes (1970) could not find a positive 
correlation between the presence of adenoids and the frequency of otitis media However, it 
can not be denied that a large adenoid mass can block the bustachian tube mechanically and 
in this way can give rise to the development of middle ear effusions (Hussl 1973) In cases 
where allergy is a predisposing factor for mucosal oedema, adequate medical treatment and 
dvoidencc of allergen contact is the therapy of choice 
It should be noted that ina number of patients, the abovementioned therapeutic procedures 
remain without effect In these instances a myringotomy, suction of the fluid and insertion 
of a grommet is now a well accepted and widely used operative procedure in the treatment 
of persistent S Ο M This method, already applied by Politzer (1883) and re-introduced by 
Armstrong (1954) is logical and simple It creates an immediate improvement in hearing 
and is a substitute for the tube's most important function ventilation of the middle ear This 
procedure is effective in about 70% of the patients In the remainder, repetitive tubulations 
may be necessary (Mawson and Brennand 1969, Kokko 1973, Sade 1979) 
Long term observations of patients treated with tubulation therapy indicate that also in these 
patients the disease usually heals with no or just minor impairment of hearing On 
otoscopical examination however, cicatricial changes and tympanosclerosis were 
frequently observed and seem to be related to te number and duration of the tubulations 
(Bonding and Lorensen 1974, Cowan and Brown 1974, Tos and Poulsen 1976, Brooks and 
Dogra 1980) 
Despite adequate medical treatment, the disease runs a very protracted course in a minor 
number of the patients (less than 2%, Sade 1979) and can lead to severe structural and 
functional changes in the middle ear These destructive sequelae of S Ο M include 
tympanosclerosis, atelectasis in several stages, necrosis of the long process of the incus, 
tympanic membrane perforation and development of cholesteatoma (Mac Kinnon 1971, 
Hussl 1973, Kokko 1973, Gundersen andTonning 1976, Sade 1976, Barfoed and Rosborg 
1980) 
In conclusion it can be said that S O M is a self limiting disease, requiring none or just 
conservative treatment m the majority of cases and that there is no convincing evidence that 
treatment can prevent serious damage to the ear However, symptomatic treatment in cases 
of substantial hearing-loss is of crucial importance in order to prevent damage to the 
intellectual and social development of the affected child 
2 6. Purpose of the study 
From an evaluation of the literature on the etiology, natural course and therapy it becomes 
obvious that no single theory can account for the whole clinical picture of S Ο M It is more 
likely that several etiological factors together contribute to the pathogenesis of this disease 
21 
It is generally accepted that both tubal dysfunction or occlusion as well as an infection of the 
middle ear mucosa are the most important factors in the genesis and prolongation of 
S O M From the literature it does not become clear in what way and to what extent these 
two factors individually contribute to the histopathological changes observed in the middle 
ear epithelium of patients with S O M 
To investigate the effect of dysfunction or occlusion of the Eustachian tube on the middle 
ear epithelium, various experimental studies have been performed The majority of these 
studies was limited to short survival periods and to the study of small specimens of the 
middle ear mucosa Furthermore, most of these studies revealed unmistakably the 
interference of infection The morphological changes of the middle ear epithelium as 
reported in these studies, can therefore not be considered representative for effects resulting 
trom tubal occlusion per se 
The present investigation was undertaken to study the effect of tubal occlusion on the 
various components of the middle ear mucosa in shortterm and longterm experiments, with 
special emphasis on the elimination of infection 
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Chapter 
III 
Methods 
3.1. Experimental animal 
The purpose of this study required the use of a rather large number of animals in order to 
provide sufficient material for a large range of survival periods and because of the different 
histomorphological techniques which were used. For that reason and the broad experience 
gained with experiments on the middle ear of te rat in the research laboratory of the 
Department of Otorhinolaryngology of the University of Nijmegen during more than 15 
years, the rat was chosen as the experimental animal. In this study, female Wistar rats were 
used which were about 3 months old at the time of operation. During the course of the 
experiment, 3 different groups of rats were used: 
Group I Conventionally raised animals (112 animals). 
These animals were born and housed in a normal animal department without 
taking special hygienic precautions. 
Group II Specific Pathogen Free (SPF) animals (179 animals). 
SPF animals are free of pathogenic microorganisms. The animals of this group 
were obtained from an SPF-breeding unit and housed in a laminar cross flow 
cabinet (van der Waay and Andreas 1971). They were fed with sterilized food 
and water. 
Group IIIGermfree (GF) animals (115 animals). 
These animals harbour no microorganisms at all. They were obtained from a 
special germfree breeding unit and housed in sterile balloons. They were also fed 
with sterilized food and water. 
3.2.Surgical procedure 
For the occlusion of the Eustachian tube the animals were anaesthetized with Nembutal (50 
mg/body weight). The Eustachian tube was reached by a ventral approach, medially to the 
posterior belly of the musculus digastricus. The tube of the left ear was obstructed in its 
extratympanic course (fig. 2) by a fine needle coagulator; the right ear served as control. 
In the SPF and GF groups, a number of animals was operated bilaterally. The skin incision 
was closed with clamps. 
The conventionally raised animals (group I) were operated in a normal experimental 
department with sterile instruments. The SPF and GF animals (group II and III) were 
operated in a laminar cross flow cabinet with sterile instruments. They were kept for about 
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one week in the laminar cross flow cabinet to avoid the risk of early postoperative wound-
infection and then transferred to a normal experimental department and housed there until 
they were sacrificed. In addition 10 SPF animals were sham-operated. In these animals the 
same operative procedure was used except that the tube was not coagulated. No antibiotics 
were administered postoperatively. 
From 85 animals the right ear was dissected to study the normal anatomy and these served 
as a control for comparison with the operated ears. 
Fig. 2. 
Ventral view of the rat skull. The right middle ear cavity and nasopharynx are opened. 
M: bony wall of the middle ear cavity; N: nasopharynx; P: palatum; Arrow: Extratympanic 
course of Eustachian tube (place of cauterization) 
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3.3 Otoscopy 
To determine the changes in the middle еагса іі> after cauterization ofte Eustachian tube, 
the animals were examined with the use of an ear speculum under the operating 
microscope For this purpose the animals were shortly anaesthetized with ether 
Otoscopical examination was first performed on the third postoperative day to check the 
presence of fluid in the middle ear The following examination was one week 
postoperatively and subsequently otoscopical examination was performed at weekly 
intervals during the first two months, thereafter at longer intervals 
The otoscopical examination referred to 
1 Aspect ot the tympanic membrane 
2 Vascular injection of the tympanic membrane 
λ Presence and aspect of accumulated fluid in the middle ear 
This method was used to assess the condition of the middle ear, in particular the 
accumulation of fluid and the presence of infection The otoscopical criteria to decide on 
the presence of infection were 
1 Increase in the vascular injection of the tympanic membrane 
2 The change of the thin transparant tympanic membrane into a thickened and opaque 
membrane 
3 The change in the aspect of the accumulated fluid from bright yellow ("serious") into 
cloudy white or purulent 
The reliability of this method was confirmed by culturing the middle ear content and by 
findings at dissection and/or histological examination Especially after longer survival 
periods, reliable data on the middle ear contents could not always be obtained by otoscopy 
because of drastic changes in the structure of the tympanic membrane 
3 4. Morphological studies 
Morphological studies were performed on 85 normal ears and on a varying number of cars 
in which the Eustachian tube was occluded, this is indicated in the relevant paragraphs The 
animals were sacrificed after survival times varying from one day to 22 months after 
occlusion 
For the morphological studies the animals were sacrificed with a lethal dose of Nembutal 
injected intracardially Part of the skull containing the middle ear was dissected 
immediately and further processed for either light microscopy (LM), scanning 
electronmicroscopy (SEM) or transmission electronmicroscopy (ТЕМ) 
3.4 1 Light microscopy (LM) 
The middle ear was denuded of adhering soft tissues and fixed in either phosphate buffered 
formaldehyde (4%, pH 7 4) or phosphate buffered glutaraldehyde (2%, pH 7 4)at40C for 
two days To obtain a better penetration of the fixation fluid into the middle ear cavity, the 
bony wall was partly chipped off After fixation, the specimens were decalcified in EDTA 
(10%, pH 7 0), dehydrated in graded alcohols and embedded in either paraffin or glycol 
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methacrylate (Klaassen et al. 1981). Paraffin sections (7 μιτι) were stained either with 
Hematoxylin-eosin, perjodic acid Schiff, or Alcian Blue (1% in 3% acetic acid). 
Glycolmethacrylate sections (2 д т ^ е г е stained with Toluidin blue (1%), perjodic acid 
Schiff (Klaassen et al. 1981) or Lee's methylene blue basic fuchsin (Bennet et al. 1976). 
The histological sections were cut in a plane which was either parallel or perpendicular to 
the processus longus of the malleus. 
3.4.2. Scanning electronmicroscopy (SEM) 
For SEM studies the middle car was opened by careful dissection of the tympanic 
membrane together with a small adhering rim of the bony wall of the middle ear. The 
epithelial lining of the middle ear cavity and the medial side of the tympanic membrane was 
thoroughly rinsed with cold saline to remove the mucus and accumulated fluid and 
subsequently the specimens were fixed in phosphate buffered glutaraldehyde (2%, pH 7.4) 
for two hours at 4°C. After rinsing in phosphate buffer (0.1 M. pH 7.4) for 18 hours, the 
specimens were postfixcd in 1% phosphate buffered osmium tetroxide (pH 7.4) for one 
hour at room temprature, dehydrated in aceton and dried by the critical point procedure. 
The dried specimens were mounted, coated with gold and examined with a scanning 
electronmicroscope at 12 kV (PSEM 500, Philips). 
3.4.3. Transmission electronmicroscopy (ТЕМ) 
Up to the rinsing procedure in phosphate buffer, the specimens for ТЕМ were treated in the 
same way as for SEM. During the stay in buffer, specimens of the middle ear mucosa were 
carefully dissected at distinct sites from the bony wall. The isolated specimens were 
postfixcd in \9c osmium tetroxide in phosphate buffer (pH 7.4) for one hour, rinsed in 
buffer and after dehydration in graded alcohols embedded in Epon (Luft 1961). 
Ultrathin sections were double contrasted with a saturated aqueous solution of uranyl 
acetate and lead citrate (Reynolds 1963) and subsequently air dried. The sections were 
examined with a Philips EM 300 electronmicroscope. 
3.5 Microbiological techniques 
To examine the middle ear content for the presence of microorganisms, a small hole was 
made in the wall of the bulla during dissection. With a needle a small amount of the middle 
ear content was taken and cultured on blood agar plates, Brewer thioglycollate medium 
(Difco) and heart infusion broth (Difco). For typing, subcultures were made from the 
thioglycollate medium on blood agar plates. 
In order to trace the presence of mycoplasms, an inoculum of the middle ear content was 
cultured on agar plates and broth. Agar plates were prepared with 7 parts PPLO agar 
(Difco), 2 parts unhealed horse serum and 1 part freshly prepared yeast extract (25%). The 
medium contained 200 units penicillin per ml and the pH was 7.8. The broth had the same 
basic composition as the agar medium except that the agar was replaced by PPLO broth 
(Difco) and 1% dextrose and 0.002% phenolred were added. The plates were sealed with 
tape and incubated anaerobically (95 N, and 5% CO,) at 36° С Examination of the plates 
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was done after 3,7 and 21 days of incubation respectively. From the broth subcultures were 
made on PPLO agar plates after 3 and 7 days. 
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Chapter 
IV 
The normal middle ear mucosa of the rat 
4.1 Introduction 
Except for the report of Maeda et al (1976) no other data were available on the structure of 
the normal middle ear epithelium in the rat 
Because a good knowledge of the normal microscopical and sub-microscopical structure of 
the middle ear mucosa is essential for a correct estimation of the mucosal changes in the 
obstructed ears, a description of this structure will be given in this chapter 
Рог this purpose, 85 normal middle ears were examined both with light- and 
clectronmicroscopical techniques (table I) 
Table I 
Microscopical techniques used for studying the mucosa of the normal middle ear in rats of 
varying ages 
Age Light Scanning Transmission 
Microscopy Electron Electron 
Microscopy Microscopy 
3 - 4 months 48 14 5 
6 months 
12 months 
15 months 
4 
3 
5 
-
1 
2 
-
1 
2 
The middle ears which were used for the study of the normal mucosa were right control ears 
of the animals in which the left ears were occluded. None of the control cars, used for this 
part of the study, showed signs of active middle ear infection nor remnants of a previous 
infection on otoscopical examination 
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4.2. Gross anatomy of the rat middle ear 
The middle ear cavity of the rat is of the bullartype as is found in most rodents. The gross 
anatomy is well comparable to that of other mammals inclusive man (fig 3). 
In analogy to the human situation, the middle ear cavity can be divided in an epitympanic, a 
mesotympanic and a hypotympanic part (fig. 4a). The major part of the lateral wall is 
formed by the tympanic membrane which is composed of a pars flaccida and a pars tensa. 
The central part of the medial wall protrudes into the lumen of the middle ear cavity. This 
prominence (the promontory) is formed by the cochlea. In the posterior part of the medial 
wall, two niches are present which harbour the oval and round window respectively. In the 
anterior part of the medial wall, the Eustachian tube opens into the middle ear. The tube of 
which the tympanic part is strengthened by a bony and cartilaginous support leaves the 
middle ear cavity through a funnel-shaped opening of the bony capsule. The ossicular 
chain, except for the handle of the malleus, is situated in the epitympanic (caudo-dorsal) 
part of the middle ear cavity. The basic architecture of the incus and stapes is quite similar 
to that of the human ossicles. An apparent difference in shape is found in the malleus which 
has a much longer and relatively thinner neck as compared to the human malleus. In 
addition, it has a dorsal projection which is attached to the tympanic membrane and to the 
wall of the middle ear (proc. folianus). Between the processus folianus and the head of the 
malleus a thin bony plate is present. A large vessel is found coursing between the crura of 
the stapes. This vessel represents the stapedial artery, arising during early cmbryological 
development as a branch of the internal carotid artery. In contrast to most mammals this 
artery does not obliterate in rats. 
4.3 Mucosa of the middle ear 
The middle ear epithelium of the rat shows a very constant pattern, both with regard to the 
presence of various cell types as to their location. No significant changes in these features 
were found with increasing age. With regard to the cellular content, an increase in the 
amount of lipofuscin was observed with ageing. 
The epithelial lining can roughly be subdivided in areas with ciliated cells and areas with 
nonciliated cells. The nonciliated cells can further be subdivided in secretory and non-
secretory cells. Distinct basal cells are limited to the ciliated areas. The epithelium is 
pscudostratificd in the main part of the ciliated areas, while only a single cellayer is present 
in the nonciliated areas. 
4.3.1. Nonciliated cells 
By far the largest part of the middle ear lining consists of a single-layered flat squamous 
epithelium (figs. 5a, 6a, 7c, 9c). Although the transition between ciliated and nonciliated 
areas seems very abrupt, there is a small area where scattered ciliated cells are present (fig. 
9d). The cells vary in shape from cuboidal to flattened. Especially on the promontory and in 
the central part of the region between the ciliated areas and annulus of the tympanic 
membrane, the epithelium is extremely flat (fig. 7c). The medial surface of the pars tensa of 
the tympanic membrane also consists of very flat cells with the exception of the area close 
to the annulus, where the cells are more cuboidal and their free surface bulges slightly into 
the lumen (fig. 10a, b). Although microvilli are present on the luminal surface of the 
nonciliated cells, their number varies in the different areas (figs. 7a-c, 8 b, 9b-d). 
30 
k i m n o 
Fig.3 
Anatomical drawing of the rat middle ear. 
a: muse, stapedius; b: facial nerve: c: incus; d: malleus: 
e: tympanic membrane, pars flaccida: f : proc. folianus: 
g: muse, tensor tympani: h: tympanic membrane, pars tensa: 
i: tympanic orifice of Eustachian tube: j : Eustachian tube: 
k: round-window niche; I: stapedial artery: m: stapes; 
n: promontory ; a: bony wall. 
4.3 2 Ciliated cells 
The ciliated cells in the middle ear are arranged in two distinct areas,as can be clearly seen 
trom scanning electronmicrographs (fig i ) One area forms an elongated tract in the 
ventral part of the middle ear It courses from the epitympanic recess and the round window 
niche along the promontory into the orifice of the Eustachian tube The second area is 
located in the dorso-cramal part of the middle ear wall and it has a small projection towards 
the annulus of the tympanic membrane This area is caudally bordered by the musculus 
tensortympani Both ciliated areas are continuous with the ciliated cells in the orifice of the 
bustachian tube (fig 5b) In the Eustachian tube ciliated cells are especially numerous in 
the medial wall of the orifice (fig 4b, c) From here, their number decreases in the direction 
of the central part of the tube, where an area of nonciliated cells can be observed Towards 
the pharyngeal opening, the epithelium becomes ciliated again and passes into the ciliated 
epithelium of the nasopharynx 
The shape of the ciliated cells varies, depending on their location from columnar to 
cuboidal The columnar cells are mainly confined to the orifice of the Eustachian tube and 
the epitympanum (figs 6b, 8a, 9a) The other ciliated areas contain more cuboidal cells 
(figs 6c, 7a, 9b) Generally, there is a gradual decrease in the height and the density of the 
ciliated cells towards the nonciliated areas 
With the electronmicroscope the ciliated cells show an electronlucent cytoplasm with a 
moderate number of mitochondria, scattered lysosomes and glycogen particles 
4 3 3. Secretory cells 
Both in the ciliated and m the nonciliated areas, secretory cells can be observed 
Interspersed between the ciliated cells and especially in the neighbourhood of the orifice of 
the Eustachian tube and the epitympanum where the ciliated cells are tall, secretory cells 
with fusing granules (goblet cells) are present (figs 8a, 9a) In the regions with smaller 
ciliated cells another type of secretory cell is frequently observed This cell type has non-
tusing secretory granules and in a solitary cell the granules can be cither homogenous dark 
or light, or both, while sometimes light granules with a dark core arc found The same type 
ot secretory cell is found in the nonciliated areas, both in the flattened and in the extremely 
thin epithelium They are especially numerous in the transitional areas from ciliated to 
nonciliated epithelium (tigs 7a,b, 8b) All secretory cells have microvilli on their free 
surface, although their number decreases towards the flattened epithelium 
Histochemical staining with PAS revealed positive staining for both types oí secretory cells 
(fig 4b-d) This could not be confirmed for the flattened and the extremely thin epithelium 
because their secretory character could only be established with the electronmicroscope 
No subepithelial glands were found with the exception of one of 60 normal ears studied 
lightmicroscopically This gland was situated between the apical part ot the promontory 
and the orifice of the Eustachian tube Serial sections showed that this gland was in close 
contact with the subepithelial glands of the Eustachian tube and should therefore be 
considered the result of an anomalous development 
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4.3.4. Lamina propria 
The lamina propria, composed of a rather dense connective tissue, is extremely thin on the 
ossicular chain and in the areas covered with the flattened squamous epithelium It 
increases in thickness with the height of the epithelium and is well developed close to the 
orifice of the Eustachian tube and in the epitympanic recess In the fibrous stroma of the 
lamina propria blood- and lymphvesscls of varying size are present while mastcells were 
frequently observed Towards the bony wall of the middle ear the lamina propria passes 
into the periosteal layer (figs 6a-c, 7a-c), which in the normal ear is rather inactive 
In the pars tensa of the tympanic membrane the lamina propria consists of two layers of 
dense collagenous fibres with a radial and circular arrangement respectively Only close to 
the annulus and the handle of the malleus blood vessels are present The lamina propria of 
the pars flaccida consists of very loose connective tissue with many capillaries 
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Fig. 4. 
LM of the normal middle ear of the rat. 
a. Survey (x 12; PAS) 
b. Longitudinal section through tympanic orifice and first part of the Eustachian tube (x 25; 
PAS) 
с Transverse section through tympanic orifice of Eustachian tube (x 25; PAS) 
d. Longitudinal section through ciliated strip along the promontory (x 25; PAS) 
C: cochlea; D: mucus with celldebris; E.epitympanic recess; EM: external meatus; ET: 
Eustachian tube; H: hypotympanum, M: mesotympanum; ME: middle ear cavity; OE: 
orifice of Eustachian tube; P: promontory; R: round window niche, S: stapedial artery, 
TM: tympanic membrane; Arrow: secretory cells 
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Fig. 5. 
SEM of the medial wall of the middle ear cavity demonstrating areas with ciliated and 
nonciliated epithelium. 
a. Survey (x 20) 
b. Entrance of ciliated areas into the Eustachian tube (x 40) 
с Detail of ciliated area (л 80) 
С, С' ciliated areas: I: incus; OE: orifice of Eustachian tube; P: promontory; R. round 
window niche, S: stapes; T. muse, tensor tympani 
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Fig. б. 
LM of normal middle ear mucosa with several types of epithelium. 
a. Flattened squamous epithelium. Note the very thin lamina propria with capillaries, (x 
1100; toluidin blue) 
b. Ciliated epithelium with secretory cells in the orifice of the Eustachian tube, (x 275; 
toluidin blue) 
c. Ciliated epithelium with secretory cells of the ciliated tract along the promontory. (x 2 75 ; 
toluidin blue) 
37 
Fig. 7. 
ТЕМ of mucosa of the normal middle ear. 
a. Simple cuboidal epithelium. Electron-lucent ciliated cells are situated between electron-
dense secretory cells. Dense lamina propria with small capillary, (x 2400) 
X: transition to flattened squamous epithelium, shown in b. 
b. Secretory cells from flattened epithelium. Arrow: axons in lamina properia. (x 9000) 
с Area with flattened to extremely flattened squamous epithelium (x 2400) 
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Fig. 8. 
ТЕМ of mucosa of the normal middle ear. 
a. Columnar pseudostratified epithelium. The ciliated cells are electron-lucent, the 
secretory cells (goblet cells) with coalescing granules and the basal cells (B) are electron-
dense. <x2400) 
b. Detail of secretory cell from cuboidal epithelium. The granules are of varying density 
and do not coalesce. Note cellular interdigitations and short microvilli on the luminal 
surface, (x 15000) 
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Fig. 9. 
SEM of various types of epithelium in the middle ear. 
a. Ciliated epithelium with secretory cells in the region of the orifice of the Eustachian 
tube. (x2500) 
b. Epithelium consisting of ciliated and noncialiated cells in the ciliated area along the 
promontory. (x2500) 
c. Polygonal cells of squamous epithelium with distinct cell borders, (x 2500) 
d. Transitional area from ciliated to squamous epithelium, (x 2500) 
4(1 
Л^. /0. 
.SfW of tympanic membrane. 
a. Medial side of pars tensa, (χ 20) 
b. Detail of annulas of pars tensa with flat cells and cells with bulging surfaces 
(x 830) 
M: malleus 
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Chapter 
ν 
Occlusion of the Eustachian tube 
5.1 Introduction 
In this chapter the effects of experimental tubal obstruction on the various structures of the 
middle ear will be described The experiments were performed on 3 groups of Wistar rats 
which differed in birth and housing conditions (Chapter III) 
1 Conventionally raised animals (group I) 
2 Specific Pathogen Free (SPF) animals (group II) 
3 Germfree (GF) animals (group III) 
The need to use these different groups of rats arose during the course of this study The 
experiment was started with conventionally raised animals but nearly all these animals 
developed an infection of the middle ear after tubal obstruction To avoid such a subsequent 
complicating infection, SPF-ammals were used in the second experiment But these 
animals also frequently developed an infection of the middle car after tubal occlusion 
despite the fact that these animals only harbour non-pathogenic microorganisms The 
problem of such supervening infections was eventually solved by using GF rats and this 
model proved to be reliable for studying the isolated effects of tubal obstruction without the 
interference of infection 
5 2. Conventionally raised animals 
5 2 1. Otoscopy and microbiology 
In this group a total number of 112 animals was operated Seventeen animals were excluded 
because of failed occlusion ( 10 animals) or re-aeration (7 animals) In 95 animals, otoscopy 
revealed the accumulation of a bright yellow fluid in the middle ear cavity within 3 days 
after the operation Eighty-one of these animals (85%) developed an infection of the middle 
ear during an observation period of 10 weeks (fig 11), as was decided on the basis of the 
otoscopical criteria for infection During this observation period 3 animals developed an 
infective middle ear disease on the non-operated side 
The first otoscopical sign of infection was an increase in the vascular injection of the 
tympanic membrane This was usually followed by a change in the aspect of the 
accumulated fluid to cloudy white or purulent The tympanic membrane also became 
thickened and opaque In 6 animals the tympanic membrane ruptured spontaneously during 
the observation penod, resulting in a purulent otorrhea 
Culturmg of the middle ear content of 52 infected ears demonstrated the presence ot a high 
number of mycoplasma pneumoniae in all ears From 17 of these ears other 
microorganisms were also cultured (Escherichia coli, Staphylococcus aureus, 
Staphylococcus albus) Mycoplasms could also be cultured from the nasopharynx and from 
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the non-operaled ears although these cars failed to show any sign of infective middle ear 
disease. 
5.2.2. Morphology 
In order to receive an impression on the results of the surgical procedure and the effect of 
the infective disease on the middle ear structures, a limited number (13) of these ears were 
studied lightmicroscopically. From serial sections it appeared that the Eustachian tube was 
interrupted at the site of coagulation, which showed tissue necrosis and a varying degree of 
tissue repair. The middle ear structures revealed a variety of changes. 
Generally there was a strong increase in the thickness of the mucosa which was heavily 
infiltrated by inflammatory cells. The middle ear cavity was filled with pus, while often a 
strong increase in the number of goblet cells was observed. 
% of ears infected 
100-
80 -
60 -
40 -
20 -
2 4 6 θ 10 
weeks after occlusion 
Fig. 11. 
Percentage of ears infected at various times after tubal occlusion in 95 conventionally 
raised animals. 
This increase was initially seen in the areas adjacent to the sites where they are normally 
present (orifice of the Eustachian tube, epitympanic recess, ciliated areas) but aftera longer 
infective period, mucus-producing cells were found to be distributed throughout the entire 
middle ear cavity (fig. 12a). Conglomerates of these mucus-producing cells which became 
buried in the inflamed and thickened mucosa were seen as gland-like structures (fig. 12b). 
In 2 cases a very destructive course of the infective process was found, leading to 
labyrinthitis and to partial or nearly total lysis of the bony wall of the middle ear cavity. (fig. 
12c). 
In addition to the above-mentioned course of events, fibrosis of the middle ear cavity was 
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observed in 1 animdls An example of (he first phase of such an infective process is 
illustrated in fig 13 a,b These micrographs show a thickened mucosa, infiltrated by 
inflammatory cells, which are also present in the lumen of the middle ear cavity At some 
sites, there is a loss in the continuity of the mucosal lining and fibroblasts and epithelial 
cells can be seen proliferating into the purulent content of the cavity This proliferative 
activity usually resulted in the enclosure of islands of epithelial cells In the further course 
of this process the middle ear cavity sometimes became nearly totally obliterated by fibrous 
tissue with the exception of a few small areas where cores of pus persisted The ingrowing 
fibrous tissue was infiltrated by plasmacells and phagocytotic cells The original site of the 
epithelial lining revealed small islands of epithelial cells completely embedded in 
connective tissue (fig 14a b) 
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Fig. 12. 
LM of ears infected after tubal occlusion. Duration of infection 2 months. 
a. Middle ear cavity filled with pus. Severely thickened mucosa and huge proliferation of 
secretory cells, (x 30; alelan blue) 
b. Same ear as in a. showing conglomerates of secretory cells enclosed in inflamed 
mucosa, (x 100; alelan blue) 
с Highly inflamed middle ear associated with labyrinthitis and extensive osteolysis 
(arrows), (x 15; alelan blue) 
C; cochlea; G; secretory cells; M; malleus; S: stapedial artery; TM: tympanic membrane. 
46 
Fig. 13. 
LM of ear infected after tubal occlusion. 
a,b. Two weeks serous, thereafter one week infected. The mucosa reveals local 
discontinuity by proliferation offibroblasts into the purulent mass in the middle ear cavity. 
(x 45; toluidin blue) 
В W: bony wall of the middle ear. 
Fig. 14. 
LM of ear infected after tubal occlusion 
a. One week serous, thereafter one month infected. Middle ear cavity filled with fibrous 
tissue, (x 18.; hematoxylin-eosin) 
b. Same ear as in a. Detail of fibrous tissue with locally inflammatory cells and strands of 
epithelial cells. (E). (x 100; hematoxylin-eosin) 
E; epithelial cells; ET; Eustachian tube; I; inflammatory cells; L; lumen; ME; middle cai­
ca ν i tv. 
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5.3. Specific Pathogen Free animals 
5.3.1. Otoscopy and Microbiology 
Because of the high incidence of infective middle ear disease, due to a pathogenic 
inhabitant, which seriously interfered with the aim of the study viz. to examine the isolated 
effect of tubal occlusion on the middle ear epithelium, the use of conventionally raised 
animals proved to be unsuitable for this purpose. Therefore, a new scries of experiments 
was started with specific pathogen free (SPF) animals. These animals are born and raised 
under such conditions that they only harbour non-pathogenic microorganisms. 
A total number of 179 SPF animals was operated (table II). In 20 ears the occlusion failed or 
the ears became re-aerated after an initial serous period. However, also in this series a 
notably high number of ears (52%) developed an infection within 4 weeks after 
cauterization of the Eustachian tube as was decided on the otoscopical criteria for infection. 
Cultures of the middle ear content of 30 of these infected animals revealed that a coccus 
(classified by R.I.V. in Bilthoven as "unclassified streptococcus") was the causative 
agent. This microorganism, which was also cultured from the nasopharynx (73%) and from 
the unoperated cars (30%), was determined as a non-pathogenic symbionl. No mycoplasms 
could be cultured from all these ears. Staphylococcus albus and Proteus mirabilis were both 
isolated in a single case. 
The majority of the infected ears remained otoscopically unaltered throughout an 
observation period varying from 1 week to 20 months, but it appeared revealed that some of 
these ears recovered spontaneously after 1 to 3 weeks and became "serous" again. Apart 
from the high incidence of infection during the first weeks after occlusion, infection of the 
middle ear content also occurred several months after the operation. From serial sections it 
appeared that this was possibly due to rccanalization of the Eustachian tube and subsequent 
retrograde infection from the nasopharynx. 
5.4. Germfree animals 
5.4.1. Otoscopy and Microbiology 
The results obtained with conventionally raised and SPF animals unmistakably showed that 
the presence of microorganisms in the upper airway system is a serious complicating factor 
for a reliable study on the isolated effect of tubal occlusion on the middle ear. Therefore, 
obstruction of the Eustachian tube was subsequently performed on germfree (GF) animals. 
The use of these animals which are born and raised under complete sterile conditions 
guaranteed the absence of any microorganism at the moment of the operation. They were 
operated under complete sterile conditions in a laminar cross flow cabinet. Because it is 
practically impossible to keep these animals germfree after the operation, they were 
transferred to an ordinary animal department one week after the operation and kept there 
without taking special hygienic precautions. 
A total number of 115 GF animals was used (table II). In 14 ears occlusion failed or the ears 
became rcaerated after a varying serous period. A small percentage of the ears (12%) 
developed an infection during the first weeks after occlusion. The explanation most likely 
for this early infection must be the introduction of microorganisms during the operative 
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Table II 
Effect of tubal occlusion on SPF and GF animals 
animals ears failed ears ears serous spontaneous 
operated occluded occlusions infected infected after ears deaths 
within more than 
4 weeks 4 weeks 
SPF 
GF 
179* 
115 ** 
219 
130 
20 
14 
115 
16 
30 
23 
29 
63 
27 
11 
* 40 animals bilaterally 
** 15 animals bilaterally 
procedure Furthermore, because not all those ears were studied histologically and tubal 
occlusion could not be confirmed, an incomplete tubal obstruction with concomittant 
infection of the middle ear content by ascending bacteria from the nasopharynx can be 
considered as an additional explanation Cultures from 4 of these ears revealed a variety of 
pathogenic microorganisms. 
In the majority of the ears in this group no signs of infection were found otoscopically 
These ears had a "serous" fluid, which only slightly darkened after longer postoperative 
periods and remained so throughout the observation period As observed in the SPF group, 
also in the GF group infection of the middle car content occurred after longer serous periods 
which varied from 1 month to a period of more than one year Serial sections of those ears 
demonstrated that these infections must likely be ascribed to recanalization of the 
Eustachian tube, enabling the invasion of microorganisms from the nasopharynx 
It should be noted here that otoscopical examination is a reliable method forthe detection of 
infection in shortterm survivals, but is less applicable m longterm survivals because of 
occasional radical changes in the structure of the tympanic membrane after longterm 
occlusion Because of this reason the exact time of some longterm infections could not be 
determined The presence of infective middle ear disease in these animals could only be 
established during dissection, cultunng of the middle ear content or by studying sections 
During the observation period a number of animals died spontaneously This was 
especially noticable when the animals passed the age of about 15 months This is a rather 
high age for a rat and it seems likely that the cause of death is related to this old age 
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5 5. Morphology of SPF and GF animals 
In this paragraph the effect of tubal occlusion on the morphology of the middle ear 
structures will be described in both SPF and GF animals It turned out that except for a 
much lower incidence of infection in the GF animals, the induced changes were not related 
tot the original status (SPF or GF) of the animals, but merely to the condition of the middle 
ear during the postoperative period (i e infected or not infected) For this reason the ears 
of both groups were pooled and classified in 3 categories on account of the otostopical 
Findings in the follow-up period together with the findings at sacrifice These catagones, 
which will be described successively are 
a serous-infected 
Ears which were serous for a varying period of time and thereafter developed signs of 
infection which persisted up to sacrifice 
b serous-infected-serous 
Ears which were serous for a varying period of time, thereafter became infected for a 
limited period of time and finally became serous again up to sacrifice 
с serous 
Ears which remained serous throughout the observation period 
5 5.1. Serous-infected 
From the group of infected ears with a serous prephase a total number of 55 ears was studied 
morphologically 30 with a serous period varying from 3 days till about 4 weeks and 25 with 
a serous period of more than 4 weeks The subsequent infective period, determined by 
otoscopy, varied from 1 week to more than 20 months (Tables III and IV) This rough 
subdivision into 2 groups was made because of the difference in the duration of the serous 
period and the cause of infection As far as could be determined from serial sections, 
recanalization of the Eustachian tube could be established in the ears with a serous period of 
more than 4 weeks In the group ot animals which revealed the t irst signs of infection within 
4 weeks alter cauterization, tubal occlusion was dubious in 4 animals Fifty-three ears were 
studied lightmicroscopically, while from 2 ears the obliterating tissue was examined with 
ТЕМ Because the removal of the purpulent substance could not be performed without 
severely damaging the epithelium, SFM studies could not be appield 
Concerning the reaction of the middle ear structures, no clear differences between both 
groups were found as can be seen from Tables III en IV 
Two main types of reactions could be distinguished the middle ear cleft was either 
completely filled with pus or revealed fibrosis 
In the purulent ears, the same reaction patterns could be observed as in the conventionally 
raised animals (par 5 2 2 ) The purulent substance differed in consistency from thin 
liquid to caseous The mucosa was strongly thickened and infiltrated by inflammatory 
cells Ectopical ciliated and goblet cells, accumulations of which impressed as glands were 
a common finding Occasionally a very destructive course of the infection was observed 
leading to a comprehensive lysis of the bony middle ear structures and labyrinthitis 
The second type comprised fibrosis of the middle ear to a varying extent, the first 
manifestations of which have been demonstrated in fig 13 Some ears were nearly 
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Table III 
Serous-infected ears (serous period =5 4 weeks) 
infected morpholo- middle ear remarks 
serous period up to gical content 
Nr. until sacrifice technique 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
3 days 
3 days 
3 days 
1 week 
1 week 
1 week 
1 week 
1 week 
1 week 
1 week 
1 week 
1 week 
1 week 
1 week 
1 week 
2 weeks 
2 weeks 
2 weeks 
2 weeks 
2 weeks 
2 weeks 
2 weeks 
2 weeks 
2 weeks 
3 weeks 
3 weeks 
3 weeks 
4 weeks 
4 weeks 
4 weeks 
1 week 
3 weeks 
15 months 
1 week 
2 weeks 
2 weeks 
2 weeks 
5 weeks 
9 weeks 
10 weeks 
6 months 
15 months 
15 months 
17 months 
17 months 
4 weeks 
11 weeks 
4 months 
16 months 
18 month 
19 month 
19 months 
19 months 
20 months 
8 months 
9 months 
21 months 
5 weeks 
17 months 
18 months 
LM 
LM 
LM 
LM 
LM 
LM 
LM 
LM 
LM 
LM 
LM 
LM 
LM 
LM 
LM 
LM 
LM 
LM 
LM 
LM 
LM 
LM 
LM 
LM 
LM 
LM 
LM 
LM 
ТЕМ 
LM 
pus 
pus/fibrosis 
pus 
pus 
pus 
pus 
pus 
pus 
pus 
pus 
fibrosis 
pus 
fibrosis 
pus/fibrosis 
fibrosis 
pus/fibrosis 
pus 
fibrosis 
pus 
fibrosis 
fibrosis 
pus 
pus 
fibrosis 
fibrosis 
fibrosis 
pus 
pus 
fibrosis 
fibrosis 
very destructive course; 
labyrinthitis 
very destructive course; 
labyrinthitis 
intraluminal bone; 
intraepithelial glands 
very destructive course; 
labyrinthitis 
intraluminal bone; 
intraepithelial glands 
intraepithelial glands 
intraluminal bone; 
irregular gland formation 
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Tab le IV 
Serous-infected ears (serous period > 4 weeks) 
Nr 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
serous 
until 
5 weeks 
5 weeks 
5 weeks 
6 weeks 
6 weeks 
6 weeks 
7 weeks 
7 weeks 
9 weeks 
9 weeks 
3 months 
3 months 
4 months 
4 months 
5 months 
6 months 
7 months 
7 months* 
8 months 
8 months 
8 months* 
8 months 
10 months 
11 months* 
11 months* 
infected 
period up to 
sacrifice 
16 months 
18 months 
20 months 
1 week 
1 week 
15 months 
20 months 
20 months 
1 month 
13 months 
12 months 
16 months 
5 months 
13 months 
12 months 
13 months 
1 month 
12 months 
2 months 
2 months 
12 months 
14 months 
10 months 
3 months 
3 months 
morpholo­
gical 
technique 
ТЕМ 
LM 
LM 
LM 
LM 
LM 
LM 
LM 
LM 
LM 
LM 
LM 
LM 
LM 
LM 
LM 
LM 
LM 
LM 
LM 
LM 
LM 
LM 
LM 
LM 
middle 
ear 
content 
fibrosis 
pus 
fibrosis 
pus/fibrosis 
pus 
pus 
pus 
pus 
pus 
fibrosis 
fibrosis 
pus/fibrosis 
pus 
pus 
pus 
fibrosis 
pus 
fibrosis 
pus 
pus 
fibrosis 
fibrosis 
fibrosis 
fibrosis 
fibrosis 
remarks 
irregular gland formation 
fig 18 
very destructive course 
very destructive course, 
otorrhea 
intraluminal bone, 
irregular gland formation 
intraepithelial glands 
fig 15 
very destructive course 
intraepithelial glands 
intraluminal bone, 
irregular gland formation 
tig 16,17 
intraluminal bone, 
irregular gland formation 
intraepithelial glands 
intraluminal bone, 
irregular gland formation 
beginning of infective period not exactly to define 
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completely filled with fibrous, tissue while in others both pus and fibrous tissue were 
present The lamina propria of the tympanic membrane was frequently found to be 
completely incorporated in the fibrous tissue Scattered throughout this tissue numerous 
cholesterol clefts, macrophages with heterogemous inclusions and inflammatory cells were 
observed (figs 15d, 16a, 18b,c) Locally, foci of inflammatory cells were present which 
were mainly situated close to the non obliterated parts of the lumen Generally, this 
inflammatory process was classified as low-graded In a number of ears, even study of 
serial sections was necessary to decide on the presence of inflammation It was also seen 
that distributed throughout the obliterative tissue, but notably at those sites of the original 
position of the epithelial lining, numerous small cysts were observed which were lined by a 
cuboidal to columnar epithelium (figs 15a, 16b) The majority of these epithelial cells 
contained PAS-positive secretory granules (figs 17a-d,fig 18a) The lumen of these cysts 
was usually filled with a PAS-positive fluid From serial sections it appeared, that some of 
these cysts had an open connection with the larger fluid-filled non-obliterated parts of the 
lumen All these structures seen together impressed as "tubular glands" In addition, cysts 
partially lined with goblet cells were found, but in a much smaller number Furthermore, 
and especially in animals with a survival time of more than one year strands of irregular 
glandular tissue with a ΡAS-positive secretory product were observed (fig 16a,e) In these 
longer survivals islands of ectopic bone were frequently observed, while the bony wall of 
the middle ear was largely thickened The large non-obliterated parts of the middle ear 
lumen, predominantly localized in the epilympanum and close to the orifice of the 
Eustachian tube were filled with a faintly PAS-staming fluid containing celldebns, 
cholesterol clefts and phagocytotic cells to a varying extent (figs 15a-d, 16а) The 
epithelial lining of these cavities consisted of ciliated and nonciliated cells Ciliated cells, 
often tall columnar (about 3 to 4 times higher than in the normal state) and with typical 
goblet cells in between (fig 16d), were not only confined to the areas where they are 
normally present, but were also found outside these areas The nonciliated cells were either 
secretory cells of varying size with distinct PAS-positive granules as found in the small 
epithelial cysts (fig 17a-d) or non-secretory cells, sometimes containing fat droplets (fig 
16c) Especially in the longer survivals, part of the epithelial lining of those fluid-filled 
cavities consisted of intraepithelial glands with PAS-positive secretory elements (fig 
15c,d) 
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Fig. 15. 
LM (survey and details) of middle ear which had been serous for 3 months and subsequently 
infected for 12 months. 
a. Complete fibrosis of the middle ear cavity with two large persisting parts of the original 
lumen (L), filled with debris and cholesterol clefts. The fibrous tissue contains numerous 
small epithelium-lined cavities (E), capillaries and ectopical bone <B). (x25; toluidin blue) 
b. Ciliated epithelial lining with many infoldings of large fluid-filled cavity containing cell 
debris, (x 100: toluidin blue) 
c,d. Epithelial lining of large cavity consisting of intraepithelial glands with PAS-positive 
cells. In the lumen celldebris, cholesterol clefts (CH) andphagocytotic cells (P). (л 275; с: 
toluidin blue; d: PAS) 
C: Cochlea; E: epithelial: cysts 1: inflammatory cells: L: lumen: R: round window; TM: 
tympanic membrane. 
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Fig 16 
LM (ли/тп and detail1)) of obliíeiated middle ear cavitv nhich had been serous joi 7 
month s and thereafter became infe< ted for 12 months 
a The fibrous tissue contains cholesterol clefts (CH), ectopic bone (B), mam epithelial 
cvsts (E) and glandular tissue (G), (x 25, toluidm blue) 
b Detail of fibrous tissue containing epithelial c\st with phagontotic с ells m the lumen (\ 
440, toluidm blue) 
c,d Epithelial lining of large fluid-filled cavitv consisting of flat, cuboidal and high 
с olumnar с iliated epithelium with sec retory с ells (X), and some и ithjat di oplets (cu row) 
(c ν 275, d ν 440, toluidm blue) 
e Detail of stiands of irregular tissue (see a ) f ν 275, PAS) 
С с ochlea L lumen of large fluid-filled с avi tv с ontaining с elldebri s and с hole sterol с left s, 
TM tvmpamc membrane 
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Fig. /7. 
Details of obliterated middle ear cavity which had heen serous for 7 months and thereafter 
became infected tor 12 months. 
a, b. Epithelial cysts partly lined with PAS-positive secretory cells, (x 440: PAS) 
c, d. High magnification of secretory cells of varying size, lining small epithelial cyst. 
Distinct PAS-positive granules are clearly visible, (x 1100; PAS) 
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Fig. 18. 
ТЕМ of fibrosis of middle ear which has been serous for 5 weeks and subsequently infected 
for 16 months. 
a. Epithelial cyst lined with secretory cells and secretory product in the lumen. Note 
marked basal cell hyperplasia in the overlying epithelium (E) and diapedesis of 
lymphocytes and plasmacells. (x 1500) 
b. Clusters of large macrophages with many heterogenious lysosomal structures and 
inclusions enclosed in fibrous tissue, {x 2500) 
с Organized fibrosis with capillary (X) and large cholesterol clefts (CH) bordered by 
flattened macrophage (arrow), (x 3000) 
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5 5 2 Serous-infected-serous 
A total number ot 25 ears was studied in this group with either LM or SEM (Table V) They 
all had an initial serous period varying from 3 days to 4 weeks which was followed by a 
transient infection of 1 to 3 weeks duration as was concluded on repeated otoscopical 
examination After a subsequent serous period varying from 1 week to 16 months, the 
animals were sacrificed Healing of the infective process was determined otoscopically 
using the change of the aspect of the middle ear fluid from cloudy white to serous together 
with the disappearance of the vascular injection and /or the restoration of the transparency 
of the tympanic membrane as criteria 
Bacterial cultures of the middle ear content were only made of 4 ears, because this sampling 
seriously interfered with the morphological studies These cultures failed to show bacterial 
growth No signs of present infection were found in the histological sections studied 
Scanning electronmicrographs of the middle ear epithelium showed a cobblestone 
appearance of the mam part of the originally flat squamous epithelium There was a 
distururbance of the original arrangement of ciliated and non-ciliated cells and, apart from 
the ciliated tracts, large islands of ectopical ciliated cells with goblet cellijn between were 
present in the normally squamous areas like the promontory and the major part of the wall 
of the middle ear, while islands of ciliated cells could also be found on the tympanic 
membrane (fig 19) Furthermore, the surface of the middle ear cavity was irregular by 
local thickenings in the shape of local protuberances or polypoid formations composed of 
fibrous tissue which was continuous with the generally thickened lamina propria (figs 19c, 
20 a,b) At some sites a massive proliferation of fibrous tissue was found, obliterating the 
middle ear cavity to a large extent as is clearly demonstrated in fig 20 d The fibrous tissue 
contained small bloodvessels and many cysts of buried epithelial cells on the site of the 
original epithelial lining, as was observed in the ears of the serous-infected group (par 
5 5 1 ) Occasionally an open communication of these cysts with the middle ear cavity was 
established (tig 20 c) At higher magnification, the epithelium of man> cysts appeared to 
contain PAS-positivc granules Also the fluid in the lumen of these cysts strongly stained 
with PAS In between the secretory cells, ciliated cells were present (fig 21 a, b) Apart 
from these actively secreting cysts, cysts were also observed in which the epithelium did 
not show any sign of active secretion (fig 200 
Lightmicroscopical sections showed that the lining of the middle ear cavity was composed 
of hypertrophic and locally hyperplastic epithelium (fig 20 b, e) As in the serous-infected 
group, areas with intra-epithehal glands containing PAS-positive structures were found in 
2 ears Figs 21 с and d show examples of these glands situated close to the musculus tensor 
tympani in an ear which had been serous for 6 months after a transient infective period of 2 
weeks 
The middle car lumen of all ears studied was filled with a fluid which showed a weak to 
moderate affinity for PAS The fluid contained numerous cholesterol clefts, phagocytotic 
cells and a varying amount of celldebris In the tympanic membrane, areas with 
hyalmization containing calcilerous deposits were a rather constant finding and especially 
pronounced in the longer survivals Apart from the extent and frequency of this 
"tympanosclerosis", no clear cut differences in the reaction pattern of the middle ear 
structures could be established with respect to the duration of the infective or serous 
periods 
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Table V 
Serous - infected - serous ears 
Nr. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
serous 
until 
3 days 
1 week 
1 week 
1 week 
1 week 
2 weeks 
2 weeks 
2 weeks 
2 weeks 
2 weeks 
2 weeks 
2 weeks 
2 weeks 
3 days 
1 week 
1 week 
1 week 
1 week 
2 weeks 
2 weeks 
2 weeks 
2 weeks 
3 weeks 
3 wekks 
4 weeks 
infected 
after 
1 week 
2 weeks 
2 weeks 
2 weeks 
2 weeks 
3 weeks 
3 weeks 
3 weeks 
3 weeks 
3 weeks 
3 weeks 
3 weeks 
3 weeks 
1 week 
2 weeks 
2 weeks 
2 weeks 
2 weeks 
3 weeks 
3 weeks 
3 weeks 
3 weeks 
4 weeks 
4 weeks 
5 weeks 
serous 
after 
3 weeks 
3 weeks 
4 weeks 
5 weeks 
5 weeks 
4 weeks 
4 weeks 
4 weeks 
4 weeks 
5 weeks 
5 weeks 
5 weeks 
6 weeks 
2 weeks 
3 weeks 
4 weeks 
4 weeks 
5 weeks 
4 weeks 
4 weeks 
5 weeks 
5 weeks 
6 weeks 
6 weeks 
7 weeks 
serous period 
up to 
sacrifice 
2 months 
1 month 
2 months 
2 months 
8 months 
1 month 
1 month 
1 month 
2 months 
3 months 
9 months 
15 months 
4 months 
1 months 
2 months 
6 months 
16 months 
3 months 
5 months 
5 months 
3 months 
13 months 
16 months 
9 months 
11 months 
morphol. 
technique 
SEM 
SEM 
SEM 
SEM 
SEM 
SEM 
SEM 
SEM 
SEM 
SEM 
SEM 
SEM 
SEM 
LM 
LM 
LM 
LM 
LM 
LM 
LM 
LM 
LM 
LM 
LM 
LM 
remarks 
fig. 19 f. 
fig. 19a,b 
bact. cult. fig. 19c,d. 
bact. cult. 
fig. 19 e. 
fig. 20 b. 
fig. 21 c,d. 
fig. 20c,d,e. 
fig. 21 a,b. 
bact. cult.; fig. 20a. 
bact. cult. 
fie. 20 f. 
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Fig. 19. 
SEM of ears which had been serous-infected-serous. 
a. Serous 2 weeks - infected I week - serous Ì month. 
Low magnification of medial wall of the middle ear cavity revealing many irregularities 
which consist of mucosal protuberances and islands of ectopical ciliated cells, (x 16) 
b. Serous 2 weeks - infected I week - serous I month. 
Original squamous epithelium showing a cobblestone appearance and strands and patches 
of ciliated cells. (x260) 
c,d. Serous 2 weeks - infected I week - serous 2 months. 
Areas with ciliated cells and scattered secretory cells on the promontory. Part of the 
originally flattened epithelium is preserved (F). (c.x 640; d.x 550) 
e. Serous 2 weeks - infected 3 weeks - serous 4 months. 
Mucosal protrusions near the tympanic membrane, (x 260) 
f Serous 2 weeks - infected Ì week - serous I month. 
Irregular surface of the original squamous epithelium with strands and areas of ciliated 
cells and secretory cells, (x 1550) 
OE: orifice of Eustachian tube; P: promontory. 
62 
63 
Fig. 20. 
LM of ears which had heen serous-infected-serous. 
a. Serous 2 weeks - infected 2 weeks - serous 3 months. 
Fibrous protuberance of the middle ear mucosa lined with epithelium, covering epithelial 
cysts, (x 100; toluidin blue) 
b. Serous 1 week - infected 1 week - serous 2 months. 
Polypoid protrusion with swollen epithelial cells of the middle ear mucosa, (x 100; toluidin 
blue) 
с Serous 2 weeks - infected I week - serous 5 months. 
The middle ear cavity is fdled with ßuid containing numerous cholesterol clefts and 
phagocytotic cells. Note the thickened mucosa with an epithelial cyst opening into the 
middle ear cavity, (arrow) (x 25; PAS) 
d. Same ear as in c. Partial obliteration of the hypotympanum with fibrous tissue 
containing many epithelial cysts at the site of the original epithelial lining. The lumina of 
many cysts are filled with a strong PAS-positive substance, (x 40; PAS) 
e. Detail ofd. showing epithelial lining of the fibrous tissue (x 440; PAS) 
f. Serous 4 weeks - infected 2 weeks - serous Π months. 
Epithelial cyst in partially obliterated middle ear cavity. The eoithelial cellsare not 
secretory active, (x 440; PAS) 
BW: bony wall of the middle ear; L: lumen; M: malleus; TM: tympanic membrane. 
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F/g. 2/. 
LM of ears which had been serous - infected - serous. 
a,b. Serous 2 weeks - infected I week - serous 5 months. 
Epithelial cysts lined with secretory cells and scattered ciliated cells, (a. χ 440; b. χ 1100: 
PAS) 
c,d. Serous I week - infected 2 weeks - serous 6 months. 
Intraepithelial glands with PAS-positive cells. The fluid in the lumen contains cholesterol 
clefts and many phagocytotic cells, (x 100; с PAS; d. toluidin blue) 
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5 5.3 Serous ears 
This group consisted of 92 cars and covered an observation period ranging from I day to 22 
months after cauterization of the Eustachian tube The cilect on the middle ear structures 
was studied with LM, ТЕМ and SEM (Table VI) All these ears remained free of 
observable infection throughout this period as far as could be determined by otoscopical 
examination Also bacterial cultures from the middle ear fluid of 12 randomly selected ears 
remained negative and in addition, histological examination also lailed to show any sign 
reminiscent of infective processes 
The first effects of tubal occlusion were seen in the lamina propria During the first days 
after occlusion a marked increase in the thickness of the mucosa was noted This was 
caused by a strong dilatation ol the vessels and the accumulation of fluid in the epithelial 
lining and in the lamina propria, accompanied by disruption of the collagen bundles (figs 
22a, 23a, 24b) In the lamina propria, macrophages and sometimes extravasal erythrocytes 
and a few granulocytes were observed 
Because of the fluid accumulation, the luminal surfaces of the squamous epithelial cells 
became more rounded resulting in a typical cobblestone appearance of the epithelium in 
scanning clcctroninicrographs (fig 25) This irregularity of the surfaces persisted 
throughout the observation period However, not all parts of the squamous epithelium 
showed this remarkable appearance The epithelium of the promontory and that of the pars 
tensa of the tympanic membrane, except for the area close to the annulus (figs 28 29b,c), 
appeared to be less susceptible for these changes and generally maintained its original flat 
surface 
ТЕМ sections of the mucosa revealed bulging and severe arcading of the epithelial cells 
without observable disruption of the junctions and resulting in widened furrows or grooves 
between the cells (figs 24b-d) These phenomena were less pronounced in the areas with 
ver> thin squamous epithelium as is shown in fig 24 
Approximately 3 days after tubal occlusion, a distinct accumulation of fluid was found in 
the middle car cavity as is shown in fig 26a This fluid occasionally contained erythrocytes 
and phagocytotic cells with signs of erythrophagocytosis (fig 24a) 
At about the same time the presence ot fluid could als be established by otoscopy, together 
with an inward retraction of the tympanic membrane, especially pronounced in the pars 
flaccida, which resulted in a very close apposition of the pars flaccida to the ossicular chain 
(fig 26c) During this period ТЕМ revealed a further distension of the spaces between the 
epithelial cells due to an increased accumulation of fluid After one week, the middle ear 
cavity was nearly completely filled with fluid and this situation persisted throughout the 
observation period (fig 26b) Electrophoresis of samples ot the accumulated fluid 1 and 2 
weeks after occlusion, revealed that the protein pattern could not be distinguished from that 
of the paired serum ° 
In one week specimens, the squamous epithelium showed signs of stratification and 
invagination A remarkable finding was that some cells revealed squamous metaplasia as 
was concluded from the presence of tonofilaments (fig 27) The slender microvilli 
appeared to be transformed into short stiff microvilli At some sites a marked hyperplasia of 
secretory cells was noted on ТЕМ sections These cells had an abnormal aspect They 
contained numerous small electron-dense granules in a largely dilated cndoplasmatic 
reticulum in the apical part of the cell (fig 28d) 
° Electrophoresis was performed by Dr J M С Wcssels (Department of Haematology) 67 
Table VI 
Serous ears 
time 
after 
occlusion 
1 day 
1 day 
1 day 
2 days 
2 days 
2 days 
3days 
4 days 
1 week 
1 week 
1 week 
8 days 
2 weeks 
2 weeks 
2 weeks 
18 days 
3 weeks 
3 weeks 
3 weeks 
4 weeks 
5 weeks 
5 weeks 
8 weeks 
8 weeks 
10 weeks 
3 months 
3 months 
5 months 
5 months 
6 months 
6 months 
9 months 
12 months 
12 months 
14 months 
15 months 
17 months 
number of 
ears 
studied 
3 
4 
2 
3 
2 
3 
2 
1 
4 
6 
1 
1 
4 
3 
1 
1 
1 
1 
1 
2 
1 
1 
2 
1 
2 
2 
1 
2 
3 
1 
2 
2 
5 
2 
1 
3 
2 
morpho­
logical 
technique 
LM 
ТЕМ 
SEM 
LM 
ТЕМ 
SEM 
LM 
LM 
LM 
TEM 
SEM 
LM 
LM 
TEM 
SEM 
LM 
LM 
TEM 
SEM 
SEM 
LM 
TEM 
LM 
SEM 
TEM 
LM 
SEM 
LM 
SEM 
LM 
TEM 
TEM 
LM 
TEM 
LM 
LM 
LM 
remarks 
fig. 23 a - d. 
Fig. 24a,b. 
fig. 26 a 
fig. 22 a-b. 
bact. cult. (n=2) 
electrophoresis (n=3); 
fig. 27 a-c; 28 a-d. 
electrophoresis (n= 1); 
fig. 25. 
fig. 22c. 
bact. cult. ( n = l ) . fig. 30a-d 
electrophoresis ( n = l ) . fig. 29c. 
fig. 31 a,b. 
bact. cult.; fig. 33 d. 
fig. 29 a.b. 
fig. 26 b. 
fig. 33 a. 
fig. 22 d, 34 a. 
fig. 32 a, b. 
fig. 33 b, с 
bact. cult. (n=2)f ig. 34 b. 
fig. 39 a. 
fig. 34 c,d. 
bact. cult. (n= 1) fig. 36 a-c. 
fig. 38 a.b. 
bact. cult. ( n = l ) 
bact. cult. (n=2) fig. 35 a.b. 
fig. 35 c.d. 
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17 months 
17 months 
20 months 
22 months 
22 months 
22 months 
2 
3 
2 
3 
2 
1 
ТЕМ 
SEM 
LM 
LM 
ТЕМ 
SEM 
fig. 37. 
fig. 39 b. 
bact. cult. (n=l) 
bact. cult. (n=l) 
In the lamina propria the first signs of fibrosis could be established, leading to a more dense 
stroma in which occasionally small calciferous deposits were found (fig. 28a,b). A 
remarkable finding was the increased activity of the periosteal layer on the luminal side of 
the bony wall of the middle ear, resulting in the deposition of new bone already after about 
one week (fig. 22c,d). This bone formation was observed at several sites in the middle ear 
but was most pronounced in the epitympanic recess. Also in that part of the bony wall close 
to the place of cauterization, bone formation was observed and especially on the outer side 
of the bony capsule. This latter process was unmistakably induced by the operative 
procedure but it seemed unlikely that the bone formation in the epitympanum, far distant 
from the site of operation, also resulted from this procedure. Neither was bone formation 
observed in the epitympanic recess after the sham operations in which the Eustachian tube 
was reached but not obstructed. The same observation was made in those ears in which 
tubal occlusion failed. In this context it must be noted that in these latter ears, as well as in 
the sham-operated animals, the described changes in the mucosa of the middle ear 
remained absent. The bone formation continued for about 8 weeks, resulting locally in a 
considerable deposition of new bone (fig. 22d) and then gradually the periosteal activity 
decreased. 
After survival periods of more than one week the irregularity of the surface of the epithelial 
lining persisted (fig. 29a). Sections revealed a continuation of accumulated fluid between 
the cells while the junctions remained intact. The simple squamous epithelium became 
transformed into a two-layered stratified epithelium consisting of non-secretory cells and 
abnormally transformed secretory cells (fig. 30a). The ciliated columnar epithelium 
revealed basal cell hyperplasia. Intermittent epithelial cysts were sometimes found 
between the basal cells (fig. 30b). The lamina propria revealed further fibrosis. Due to this 
process, the thickness of this structure was considerably increased (figs. 30a. 31a). 
At about two weeks, lightmicroscopical sections revealed the presence of large clear cells 
scattered throughout the whole epithelial lining (fig. 31a,b). They protruded into the lumen 
of the middle ear, became subsequently detached from the epithelium and were frequently 
found as free floating cells or clusters of cells, often with degenerative signs, in the middle 
ear fluid. On scanning electronmicrographs these cells were visible as large single cells or 
clusters of cells protruding into the lumen (fig. 32a,b). An example of a transmission 
electronmicrograph of such a cell cluster is shown in fig. 30c,d. It consists of two 
transformed secretory cells and one presumably transformed ciliated cell interconnected 
with intact junctions. This process which can be considered as a kind of desquamation was 
observed throughout the observation period of 22 months (figs. 34a,b; 35a,b). During the 
first months after occlusion hyperplasia, especially of the ciliated epithelium, further 
increased. Most secretory cells became protracted and often contained lysosomal 
structures, lipid droplets, large vacuoles and small crystals (cholesterol?) (fig. 33). A 
peculiar grade of cellular differentiation which was only found once, is depicted in fig. 33c. 
It represents a secretory cell with rather normal secretory granules but in between these 
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granules, proliferation of probasal bodies indicating ciliogencsis can be seen From the 
SEM observations made after more than 3 months it appeared that no aggravation in the 
abnormal appearance of the epithelial lining had occurred, except for a slight bulging ofthe 
apical surface ofthe epithelial cells ofthe promontory which were initially very resistant to 
deformation (fig λ6) 
LM and ТЕМ studies demonstrated that generally the induced abnormalities with respect to 
hyperplasia, stratification, aberrant behaviour of secretory cells and the presence of 
tonofilaments, observed during the first 3 months after occlusion were also a common 
finding after survival times up to 22 months They also differed in seventy from one ear to 
another and from site to site in a particular ear (figs 34, 35) In the animals which survived 
for more than one year, the intercellular fluid-filled spaces revealed a very pronounced 
compartimentahzation which was due to a considerable increase in the infoldings ot the 
basal and lateral cell walls The cytoplasm ofthe epithelial cells showed severe aberrations 
in these longer survivals The number of lysosomes was drastically increased and many 
electron-dense inclusions, presumably representing siderosomes, were observed (fig 37) 
Moreover, in the major part of the secretory cells, secretory granules were hardly 
recognizable It is remarkable that the appearance of the ciliated epithelium in the area of 
the orifice of the Eustachian tube remained rather unaffected throughout the observation 
period (fig 36a) A common finding m the long temi occluded ears was the presence of 
many mast cells and macrophages in the lamina propria while the latter cells were also 
found scattered between epithelial cells 
As already stated, the annular part ofthe epithelium ofthe tympanic membrane revealed a 
similar behaviour to that of the main part of the squamous epithelium of the middle ear 
cavity, although the epithelium ofthe pars tensa was initially more resistent to deformation 
(figs 28c, 29b,c) 
After longer survival periods dramatic changes were noted in the pars tensa After two 
months scattered white spots were otoscopically identified in the pars tensa ofthe tympanic 
membrane (fig 26c) This process continued and after one year nearly the whole pars tensa 
had a chalky appearance Microscopical examination demonstrated that the lamina propria 
of the pars tensa was largely thickened by the accumulation of an amorphous substance, 
containing local deposits which stained strongly with hematoxylin These deposits likely 
represent calciferous deposits which also were observed, although to a much lesser extent, 
in the remaining part ofthe middle ear mucosa This tympanosclerosis-like process resulted 
in a very irregular medial surface of the tympanic membrane, which was lined by highly 
vacuolated and faintly staining epithelial cells (figs 38, 39) 
With respect to the fluid accumulated in the middle ear, cholesterol clefts were present after 
two weeks Cholesterol crystals were often identified as a core of glittering particles in the 
serous fluid during the opening of the middle ear cavity under the dissection microscope 
The cholesterol clefts remained present in varying amounts throughout the observation 
period (fig 34a,b) and were often intermingled with phaocytotic cells These cells together 
with the desquamated epithelial cells were the only cellular components observed in the 
middle ear fluid Histochemical staining revealed a faint staining of this fluid with PAS 
which persisted throughout the observation period Except for an increase in the viscosity 
of the fluid and a slight darkening of the original bright yellow colour, no significant 
alterations could be established with respect to cellular content and staining properties after 
longer survival periods 
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Fig. 22. 
LM of middle ear mucosa of serous ears at various times after tubal occlusion. 
a, b. After 4 days. Oedema in the epithelium and lamina propria at 2 different sites of the 
middle ear. (x 275; toluidin blue) 
с After 8 days. Bulging epithelial cells, intra-epithelial fluid accumulation and the 
beginning of re-organization of the lamina propria with a very reactive periosteal layer 
(arrow), (x 275; toluidin blue) 
d. After 8 weeks. Active osteoblasts and massive apposition of new bone. (arrow: boundary 
between old and new bone), (x 100; toluidin blue). 
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Fig. 23. 
ТЕМ of middle ear mucosa of serous ears I day after tubal occlusion. 
a. Epithelial cell bulging into the lumen. The lamina propria shows oedema and disrupted 
bundles of collagen fibres. (x 7000) 
b. Severe arcading of epithelial cells by intercellular fluid accumulation. Subepithelial 
oedema with monocyte/granulocyte. (x6500) 
c.d- Bulging of secretory cells resulting in widened and deepened intercellular furrows. 
The junctions remain intact. Note the presence of lysosomes in the secretory cell (X).(x 
9000) 
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7£Л/ of middle ear mucosa of serous ears 2 days after tubal occlusion. 
a. Slight arcading of very thin squamous epithelium. In the lumen clustering of 
macrophages with signs of erythrophagocytosis. (x 4500) 
b. Thin squamous epithelial cell with less pronounced basal and lateral arcading. 
Extensive oedema in the lamina propria with scattered bundles of collagen fibres, (x 9000) 
M: macrophage. 
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Fig. 25. 
SEM of middle ear epithelium of serous ear Ì week after tubal occlusion. 
a. Areas with ciliated and squamous epithelium; the originally squamous epithelium shows 
a cobblestone-like appearance. (x 320) 
b.c. Higher magnification of a. demonstrating deep intercellular furrows. Some cells bear 
numerous microvilli, (b. χ /250; с.χ 5000) 
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Fig. 26. 
a. LM of middle ear cavity with a small amount of fluid (F) accumulated in the 
epitympanum 3 days after tubal occlusion, (x 18; toluidin blue) 
b. Idem after 5 weeks. The lumen is completely filled with fluid (F). (x 18; hematoxylin-
eosin) 
с Microphotograph of tympanic membrane 3 months after tubal occlusion. The pars 
flaccida (FL) is seriously retracted and is draped on the ossicular chain. The pars tensa (Τ) 
shows many white tympanosclerotic spots, (x 10) 
C: cochlea; TM: tympanic membrane. 
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Fig. 27. 
ТЕМ of squamous epithelium of serous ears J week after tubal occlusion. 
a. Hyperplasia of transformed secretory cells. The cells differ in electron-density and 
granular content. The lamina propria shows an increased amount of cellular material in 
comparison with one and two days, (x 1800) 
b. Squamous metaplasia and epithelial invagination.(x 2600) 
с Detail ofb (at X). Squamous cell with tonofdaments (arrows) and short stiff microvilli 
(M). (x 21000) 
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f-ig 28 
TEM of epithelium of іегоич ears I week after tubal occlusion 
a Arcadmg and bulging of formerly flattened squamous cells with deep intercelliilcii 
furrows and intact cellular junctions The с \toplasm contains lipid droplets The lamina 
propria contains an increased amount of parallel arranged bundles of collagen fibres, 
indicating fibrosis (\5200) 
b Former squamous epithelium with widened intercellular spaces (\ 6400) G globular 
deposit of с ah ¡ferons substanc e 
с Uppei part of the original cuboidal epithelium covenng the annular pai t of the pars 
tensa of the t\mpanic membrane The epithelium shows laigeh distended mteicellular 
spaces The cell junctions (arrows) are intact (x 5200) 
d Marked h\perplasia of sect etory cells The cells ι a n in densi t\ and have an abnormal 
aspect The apical c\toplasm contains numerous small uniform electron dense granules 
betw een dilated endoplasmatic rette ulum The luminal surface bears rigid mie rcn illi 
(\ 6400) 
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Fig. 29. 
SEM of middle ear epithelium of serous ears. 
a. Transitional area between ciliated and squamous epithelium after 4 weeks. The latter 
epithelium shows deepened intercellular furrows. The cilia appear normal, (x 1250) 
b. Survey of transitional area between the bony wall of the middle ear and the tympanic-
membrane after 4 weeks. The squamous epithelium of the middle ear wall (M) and.the 
annular part of the pars tensa shows bulging cells. The cells in the central part of the pars 
tensa (Τ) and on the annulus (A) remain flat, (x 20) 
с Detail of annular part of pars tensa shows epithelial cells with microvilli, bulging into 
the lumen (after 2 weeks), (x 1250) T: pars tensa. 
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Fig. 30. 
ТЕМ of middle ear epithelium of serous ears 2 weeks after tubal occlusion showing various 
types of epithelial transformation. 
a. Former squamous epithelium reveals a regular two-layered stratified epithelium. The 
electron-dense basal cells show pronounced lateral distensions. The upper layer consists 
of bulging cells with widened intercellular clefts. Lamina propria with extensive fibrosis. (x 
2500) 
b. Pseudostratified columnar ciliated epithelium with basal cell hyperplasia. Note the 
intraepithelial cyst surrounded by basal cells, (x 2000) 
c. Epithelial cell cluster, suggestive for desquamation into the lumen of the middle ear 
cleft, (x 2000) 
d. Detail from c. The electron-dense cells appear to be transformed secretory cells, the 
electron-Lucent cell may be considered as a ciliated cell. The mutual junctions are intact 
and the intercellular spaces show an amorphous electron-dense content (arrow), (x 8000) 
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Fig. 31. 
LM of middle ear mucosa of serous ears 3 weeks after tubal occlusion. 
a,b: Large clear cells still attached to the epithelium or as free floating cells. 
P: phagocytotic cell. 
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Fig. 32. 
SEM of middle ear epithelium of serous ear close to the annulus tympanicus; 8 weeks after 
tubal occlusion. 
a. Irregular clusters of large cells protrude into the lumen, (.x 200) 
h. Detail of a. demonstrating polymorph shaped epithelium with irregular outlines. Many 
cells have numerous microvilli, (x 3100) 
A: annulus; T: pars tensa of tympanic membrane 
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Fig. 33. 
ТЕМ of middle ear epithelium of serous ears, various times after tubal occlusion. 
a. Pseadostratified epithelium with one ciliated cell and transformed secretory cells. Most 
cells are protracted, some contain lysosomal structures and lipid droplets. Lamina propria 
exhibits fibrosis, (after 5 weeks) (xZOOO) 
b. Pseadostratified ciliated epithelium with transformed secretory cells. Intraepithelial 
invasion of erythrocytes, (after 10 weeks) (x 2500) 
c. Peculiar grade of differentiation within secretory cell: in between secretory granules 
proliferation of probasal bodies, indicating ciliogenesis. (after 10 weeks) (x 8000) 
d. Simple cuboidal ciliated epithelium with lipid droplets and presumably cholesterol clefts 
(arrows), (after 3 weeks) (χ 5000) 
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Fig. 34. 
LM of middle ear mucosa of serous ears, various times after tubal occlusion. 
a. Fluid-filled oval window niche lined with irregular epithelium. The fluid contains 
scattered cholesterol clefts andphagocytotic cells, (after 2 months) (x 45; toluidin blue). 
h. Middle ear cavity containing large aggregation of cholesterol clefts. The epithelium is 
irregular and shows vacuolated, desquamating cells, (after 3 months) (x 275; toluidin 
blue) 
с Middle ear mucosa in the originally flattened squamous area. 
The lamina propria is thickened and contains scattered darkly stained mast cells (arrow). 
The epithelium shows two distinct cell layers and an intraepithelial cyst (C). (after 5 
months) (x 275; toluidin blue) 
d. Ciliated epithelium revealing distinct basal cell hyperplasia and an intraepithelial cyst 
(C). (after 5 months) (x275; toluidin blue) 
S: stapedial artery; ST: stapes. 
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Fig. 35. 
LM of middle ear mucosa of serous ears various times after tubal occlusion. 
a. Ciliated epithelium with many large, presumably desquamating cells, (after 15 months) 
(x 275; tol и id i η blue) 
h. Slightly hyperplastic epithelium on the promontory. (after 15 months) (x 275; toluidin 
blue) 
c,d. Varying appearance of originally squamous epithelium at 2 different sites in the same 
ear. с two-layered, d. hyperplastic very irregular epithelium, (after 17 months) (x 440; 
toluidin blue). 
Arrow: mast cell. 
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Fig. 36. 
SEM of serous ears, 5 months after tubal occlusion. 
a. Area of ciliated and secretory cells in the orifice of the Eustachian tube. Although the 
cilia are presumably artificially tousled, the general appearance is normal, (x 2700) 
b. Slight bulging of squamous epithelial cells with numerous microvilli on the promontory. 
(x 2500) 
с Very irregular surface of original squamous epithelium, (x 690) 
90 
91 
Fig. 37. 
ТЕМ of hyperplastic, originally squamous epithelium with intercellular fluid accumulation 
and numerous infoldings of the basal and lateral cell walls. The cytoplasm contains 
siderosome-like structures (arrow) and multi-vesiculated bodies (X). (after 17 months) 
(x2500). 
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Fig. 38. 
LM of tympanic membrane. Survey and délai!. 
a. h. The membrane is largely thickened and contains calciferous deposits. The medial 
surface is very irregular and is lined with vacuolated cells, (after 6 months) (a χ 100, b χ 
275; toluidin blue) 
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Fig. 39. 
SEM of irregular medial surface of pars tensa of tympanic membrane of serous ears as a 
consequence of tympanosclerosis. 
a. After 3 months, (x 190) 
b. After 17 months, (x 40) 
T: pars tensa 
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Chapter 
VI 
Discussion 
There seems to be no doubt that inadequate aeration of the middle ear cavity through the 
Eustachian tube plays an important role in the etiology of secretory otitis media (SOM) 
However, the reported data on the effect of underaeration on the middle ear structures in 
both humans and experimental animals, are not uniform and often controversial Among 
the factors which can be held responsible tor this controversy are the interference of 
infection and the study of only small tissue specimens ol limited areas of the middle ear 
mucosa in the absence of detailed knowledge of the nature of the normal middle ear mucosa 
at various sites of the middle ear cavity In the performance of the present experimental 
study special attention was paid to these factors 
The data obtained on the epithelial lining of the normal middle ear of the rat demonstrate the 
presence ot 3 main types of cells ciliated cells, non-ciliated cells and secretory cells This 
agrees with the observations made in the human middle ear (Lim and Hussl 1969, 
Kawabata and and Paparella 1969, Hentzer 1970 a b) and in animals (Lnn et al 1967, 
I972,Maedaetal 1976) 
The distribution pattern of these celltypes shows a fairly constant pattcrnm the large 
number of control ears studied The typical arrangement of the ciliated cells in distinct 
tracts resembles that as described in humans (Sade 1965, 1966a) Although clusters of 
ciliated cells have been reported in guinea pigs (Lim et al 1967, 1973) and in rats ( Maeda et 
al 1976), up to the present, no substantial evidence of the arrangement of ciliated cells in 
distinct tracts has been given in animals The arrangement in lields of coherent ciliated 
cells, together with the anatomical position of these fields and their continuity with the 
ciliated epithelium of the Eustachian tube suggests the existence of a inucociliar> transport 
system for cleaning the middle car cavity, as has been demonstrated by Sade (1967) in 
humans and by Lim et al (1973) in the guinea pig 
Two distinct types of secretory cells can be distinguished in the middle ear of the rat They 
are similar in that they both produce glycoproteins, as can be concluded from the affinity of 
PAS for both cellt> pes This does not necessarily mean however that the chemical structure 
of the glycoproteins is identical From a morphological point of view they differ in having 
either coalescing or non-coalescing granules The secretory cell with coalescing granules 
can be considered as the so-called goblet cell and is limited to the areas with tall ciliated 
cells The second t>pe with non-coalescing granules is not only present in the ciliated areas 
but also in the squamous epithelium and even in the extremely flat cells 
The existence of different types of secretory cells has also been reported in the mucosa of 
the middle ear of humans (Lim and Shimada 1971, Hentzer 1976) and guinea pigs (Lim ct 
al 1967, Haye 1973), but there is some controversy on the significance of the various 
forms of the secretory granules On account of the variation in electron density ol the 
granules, Limetal (1967, 1971) made a further differentiation into three different types of 
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secretory cells. Haye (1973) and Hentzer (1976) considered this variation in appearance 
only as an expression of different stages of maturation and decided for the existence of only 
one type of secretory cell. However, they did not exclude a possible difference in the 
character of the secretory products as was suggested by Lim on the basis of 
autoradiographical and histochemical studies (Lim et al. 1972, Lim 1974, 1979a). 
Although the data obtained from the present study do not substantiate further conclusions 
on a differentiation of the chemical nature of the secretory products, they convincingly 
show the presence of two morphologically different types of secretory cells. 
Summarizing, it can be said that the data obtained from this study on the structure of the 
normal middle ear mucosa of the rat indicate that this tissue can be considered as part of the 
respiratory mucosa, which has preserved its original nature in the ciliated tracts, but is 
modified in the squamous part of the middle ear mucosa. The potential respiratory 
character of this squamous part can be derived from its easy transformation into ciliated 
epithelium by infective stimuli as will be discussed later on. 
Obstruction of the Eustachian tube inevitably evokes an underpressure in the middle ear 
cavity. (Proud and Odoi 1970, Einer 1976). This results in a retraction of the tympanic 
membrane and a transudation of fluid from the mucosal vessels. Proof for this assumption 
can be derived from the morphological observations, showing vasodilatation and extensive 
oedema in the lamina propria, especially during the first days after tubal occlusion and from 
electrophoresis of the fluid accumulated in the middle ear cleft, which revealed a protein 
pattern similar to that of serum. The penetration of this fluid into the middle ear cavity 
seems to occur by the extracellular pathway, even though there was no observable 
disruption of the intercellular junctions of the epithelial lining. However, a contribution to 
this prosses by transcellular transport cannot completely be excluded. 
Although the presence of erythrocytes in the middle ear cavity can easily be ascribed to the 
dissection procedure, the observed erythrophagocytosis, and the presence of extravasal 
erythrocytes in the lamina propria and between the epithelial cells indicates that the evoked 
underpressure in the middle ear cavity can result in damage of the vascular wall and in local 
disruption of the intercellular connections of the epithelial lining, leading to the entrance of 
erythrocytes into the middle ear cavity. On that account the term exudation rather than 
transudation should be more appropriate. 
One of the most conspicuous observations in the experiments on these animals, either with 
pathogenic or with non-pathogenic microorganisms in their upper repiratory system, is the 
high incidence of infective middle ear disease after tubal occlusion. These observations 
strongly suggest that tubal occlusion can induce pathogenic properties of normally non-
pathogenic inhabitants of the middle ear. Obstruction of the normal clearance pathway of 
the middle ear cavity together with the favourable nutritional conditions for bacterial 
growth in the accumulated serous fluid offers the most likely explanation for this process. A 
careful analysis of the literature on tubal occlusion experiments shows that in the majority 
of these studies such an induction of infective processes has occurred. This implies that the 
results from many of these experimental studies cannot be considered to be representative 
for the isolated effect of tubal occlusion but rather as the result of the interference of an 
infective process in the middle car. (Senturia et al. 1962, Lim and Hussl 1970, Arnold and 
Vosteen 1975, Juhn et al. 1977, Goycoolea et al. 1979). 
The natural course of this induced infection appeared to be very divergent. Incidentally a 
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very destructive disease process was observed, but in the majority of the animals the 
infection was much milder and in some cars even a spontaneous clearing of the infection 
occurred after a short period It seems likely that the course of the infective process is 
related to the kind and the virulence of the causal microorganisms as was demonstrated by 
Friedmann ( 1955a) and Juhn et al (1977) by means of experimental infection of the middle 
ear cavity with various bacterial strains In addition, the local defense system of the middle 
ear mucosa (Lim et al 1972, Bernstein et al 1972) is likely to inlerferen in this process and 
to contribute in the observed spontaneous healings of some ears 
One of the most striking findings in the infected ears was a varying degree of transformation 
from the squamous epithelium into a ciliated epithelium, accompanied by an increase in the 
number of goblet cells Although some areas of ectopical ciliated and secretory cells 
appeared to be continuous with the normally present ciliated areas and therefore could be 
considered as the result of a migration process, the presence of completely isolated areas of 
those cells, as determined by SEM in the serous-infected-serous ears in the originally 
squamous region, is highly indicative for a local transformation of squamous cells into 
ciliated and secretory elements Locally conglomerates of these cells became embedded in 
the thickened and inflamed mucosa and impressed as glands 
Comparable observations have been reported by many authors after experimental tubal 
obstruction (Sentuna et al 1962b, Lim and Hussl 1970, Mam et al 1970, Arnold and 
Vosteen 1975, Juhn et al 1977, Goycoolea et al 1979) and in mucosal biopts obtained 
from patients suffering from several types of middle ear disease (Friedmann 1963, Palva et 
al 1964, Zechner et al 1968, Bernstein and Hayes 1971, Bak-Pedersen and Tos 1973, Tos 
1974) Especially in S Ο M , a pronounced increase in the number of secretory elements 
has been observed (Sade 1965b, Zechner 1965, Lim and Birck 1971, Bernstein et al 1972, 
Hentzer 1972a, b, Gundcrsen and Gluck 1972, Palva and Palva 1975, Tos and Bak-
Pedersen 1975, 1976) 
On account of the data from the present experimental study it seems likely that the infective 
process must be held responsible for the reported increase in the number of secretory 
elements 
Another frequent finding associated with infection of the middle car, observed in the 
present study was fibrosis of the middle ear cavity This is reminiscent of adhesive 
processes, which are suggested to result from chronic middle ear disease (Beck, 1969) 
This can be considered as an attempt of the middle ear to encapsulate the infectious focus, 
as part of the healing process This reaction pattern can lead to partial or nearly total fibrosis 
of the middle ear cavity, sometimes associated with bone deposition, and to changes in the 
secretory activity of the epithelial lining, especially after longterm infection The original 
squamous epithelium, completely embedded in the fibrous tissue developed extensive 
secretory activity Although part of these cells can be considered to represent hypertrophied 
secretory cells which are normally present in part of the squamous epithelium, many of 
them must be assumed to be transformed non-secretory squamous cells because ol their 
location 
Apart from this transformation into secretory cells, transformation into ciliated cells also 
occasionally occurs Furthermore, the infective process sometimes leads to the formation 
of intraepithelial glands in the epithelial lining of the non-obliterated parts of the middle ear 
cavity Up to the present, these intraepithelial glands as well as the irregular glandular 
tissue, occasionally found in the obliterating fibrous tissue, have never been described in 
97 
the middle ear Although the origin oi this glandular tissue is difficult to trace, it might 
represent dislocated transformed epithelial cells 
From the data collected from the infected ears it can be concluded that infection can lead to 
transformation of epithelial cells into various kinds of secretory elements The degree and 
the character of the induced changes in the middle ear appear to be related to the nature and 
the duration of the infective process Spontaneous healing of infected ears without 
rcaeration of the middle ear revealed a persistence of the induced changes such as fibrosis 
and increased secretory activity throughout an observation period of 16 months Only a 
slight decrease in the number of actively secreting elements seemed to occur after a long 
second serous period 
In comparison with the impressive changes observed in the occluded cars with a concurrent 
infection, the isolated effects of tubal occlusion on the middle ear structures are less 
conspicuous and quite different 
Tubal occlusion without the interference of infection induces changes in the nature of the 
epithelial lining, which are mainly characterized by a basal cell hyperplasia of the 
pseudostratified epithelium, stratilication of the simple squamous epithelium and 
desquamation of epithelial cells In addition, peculiar cell differentiations can be observed 
as squamous metaplasia and atypical transformation of secretory cells 
These phenomena persisted throughout the observation period of about 2 years After 
longterm occlusions there is an increased number of interdigitations of the basal and lateral 
cell walls, indicative for a possible involvement of the cells in transcellular fluid transport 
These observations in the non-infected ears convincingly demonstrate that tubal occlusion 
per se does not result in an increased number of secretory elements of the middle car 
epithelium as stated by Arnold and Vosteen ( 1975), but rather in a decreased activity of the 
secretory cells already present Therefore, occlusion or dysfunction of the Eustachian tube 
per se cannot account for the pathological changes of the middle ear mucosa encountered in 
cases of SOM (Sadél965, 1966b, Zcchner 1965, Lim and Birck 1971, Bernstein et al. 
1972, Hentzer 1972a, b, Gundersen and Gluck 1972, Palvaand Palva 1975, Tos and Bak-
Pedersen 1975, 1976) Till now, no tubal occlusion experiments in which concurrent 
infection was excluded have been reported Only Beaumont (1966) has created 
experimental conditions which seem comparable to the present model This author 
obstructed the air sac, an extension of the lung, in the humerus of the chicken and observed 
under sterile conditions comparable changes like accumulation of serous fluid with 
cholesterol clefts and bone apposition 
Some observations on the isolated effects of tubal occlusion deserve special interest in 
connection with human middle ear pathology The observed squamous metaplasia is 
interesting because of the suggested relationship between S O M and the origin of aural 
cholesteatoma (Kokko 1973, Gundersen and Tonmng 1976) However it must be noted that 
in the present study this squamous metaplasia never resulted in a keratini/ing squamous 
epithelium Furthermore, this study demonstrates that new bone formation, accumulation 
of cholesterol and tympanosclerosis, often ascribed to the effect of infective processes 
(Friedmann 1955a, Ferlito 1979), can be elicited by tubal occlusion without the 
interference of infection 
Although this experimental study is not fully comparable with the human situation where 
only tubal dysfunction or transient tubal occlusion is of concern, the observed changes in 
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the middle ear mucosa of the rats which became infected can be assumed to be essentially 
the same as those described in the middle car mucosa oí patients with S O M (Sade 1965, 
Tos and Bak-Pederscn, 1975) This striking resemblance strongly favours the major role of 
infection in the pathogenesis of SOM From these data it is reasonable to assume, that also 
in humans, infection of the middle ear is favoured by tubal dysfunction or occlusion and 
that this infection can be held responsible for the changes observed in the middle ear 
mucosa The observed sequelae of infections in the middle car which persist after healing, 
especially the increased number of secretory elements and the fibrosis, can be supposed to 
interfere with the normal cleaning mechanism of the middle ear and might therefore 
predispose to the recurrence of infection 
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Summary 
Secretory otitis media (S.O.M.) is a middle car disease, characterized by an accumulation 
of fluid in the middle ear cavity without clear signs of acute infection. Although it is 
generally accepted that a dysfunction or occlusion of the Eustachian tube plays an 
important role in this disease, the exact etiology of S.O.M. is still unsolved. 
In this thesis an experimental study in the rat is described in which the effect of occlusion of 
the Eustachian tube on the middle car was studied. 
In chapter I the morphological and functional aspects of the epithelial lining of the middle 
car cavity are described. In addition to the clinical picture and therapy of S.O.M. the 
various theories proposed to explain the etiology of this disease are discussed in chapter II. 
The methods used in this experimental study are reported in chapter III. In chapter IV the 
normal middle car mucosa of the rat is described. The results are presented in chapter V and 
discussed inchapter VI. 
The main part of the epithelial lining of the rat middle ear consists of a simple flattened 
squamous epithelium. The ciliated epithelium is situated in 2 circumscribed areas which 
pass into the ciliated epithelium of the Eustachian tube. With the use of the 
electronmicroscope, 2 types of secretory cells can be distinguished. The first type, identical 
to the goblet cell, with fusing secretory granules is confined to the ciliated epithelium. The 
second type with non-fusing granules is present both in the ciliated and in the nonciliated 
areas. On account of these findings, the middle ear epithelium can be considered as a partly 
modified respiratory epithelium. The character of the ciliated areas refers to the existence 
of a mucociliary transport system for cleaning the middle ear cavity. 
Occlusion of the Eustachian tube resulted in an accumulation of serous fluid in the middle 
ear cleft. In animals with pathogenic and non-pathogenic symbionts in their upper airway 
system, the serous phase was very frequently followed by an infection of the middle ear. 
These findings strongly suggest that tubal occlusion stimulates pathogenic bchavious of 
microorganisms which arc normally harmless inhabitants of the middle ear. 
The course of these induced middle ear infections was very divergent. Sometimes a 
destructive course with osteolysis was observed. In many cases a strong increase in the 
number of ciliated and secretory cells was found in the nonciliated areas. Often the 
infective process resulted in a partial or nearly total fibrosis of the middle ear cavity. In this 
fibrous tissue secretory elements, islands of ectopical bone, inflammatory cells and 
cholesterol crystals could be found. In a limited number of ears the infection healed 
spontaneously and was followed by a second serous phase. The sequelae of the infective 
process, fibrosis and the increased number of secretory elements, appeared to persist for a 
long period after healing of the infective process. 
Although in a limited number of contaminated animals, tubal occlusion could be performed 
without subsequent infection of the middle ear content, occlusion without the interference 
of infection was most successful in germfree animals. Infection of the middle ear in this 
latter group was either due to recanalization of the Eustachian tube or infection of the 
wound. 
The observed changes in the middle ear after tubal occlusion appeared to be less 
conspicuous in the absence of infection. During the first days a mucosal oedema was seen 
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as the result of a "transudation-procebs", which resulted in a deformation of the 
epithelium The serous fluid is supposed to reach the middle ear cavity mainly by the 
extracellular pathway After longer survival periods the epithelial lining revealed a varying 
degree of hyperplasia and desquamation while tonofilaments and atypical secretory 
granules were sometimes present in the epithelial cells In contrast to the infected ears, no 
transformation of the simple squamous epithelium into ciliated/secretory epithelium was 
observed Due to fibrosis, the thickness of the lamina propria was increased, while bone 
apposition was seen as a consequence of a temporary increase in the periosteal activity The 
accumulated fluid in the middle ear contained cholesterol crystals and phagocytotic cells, 
which first appeared after a few weeks The tympanic membrane revealed tym-
panosclerotic foci several months after occlusion These characteristic changes persisted 
throughout an observation period of 22 months 
Comparison of the data obtained from the present study with the observations made in 
secretory otitis media, reveals a remarkable resemblance between the structure of the 
mucosa of the infected ears and that of biopts from patients suffering from S O M 
These observations indicate that the reported increased secretory activity of the middle ear 
mucosa in patients with S O M cannot be attributed to the isolated effect of tubal 
occlusion, but rather to infective processes Persistence of the sequelae of these processes, 
especially the increased secretory activity, can be assumed to interfere with the normal 
clearance of the middle ear cavity and predispose to the recurrence of infection 
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Samenvatting 
Sccreloire otitis medis (S.O.M.) is een aandoening van het middenoor, die gekenmerkt 
wordt door een ophoping van vloeistof in het middenoor zonder dat duidelijke tekenen van 
een acute infectie aanwezig zijn. Ofschoon algemeen wordt aangenomen dat een' 
dysfunctie of obstructie van de buis van Eustachius een belangrijke rol speelt bij het 
ontstaan van dit ziektebeeld, is de exacte etiologie ervan nog steeds niet duidelijk. In dit 
proefschrift wordt een experimenteel onderzoek bij de rat beschreven, waarin het effect van 
afsluiting van de buis van Eustachius op het middenoor is bestudeerd. 
In hoofdstuk I wordt een beschrijving gegeven van de morphologische en functionele 
aspecten van het middenoorepitheel. In het tweede hoofdstuk wordt naast het klinische 
beeld en de therapie van S.O.M., speciale aandacht besteed aan de verschillende theorieën 
die in de loop der tijden zijn geponeerd over het ontstaan van dit ziektebeeld. De in dit 
onderzoek gebruikte methoden zijn in hoofdstuk III vermeld. In hoofdstuk IV wordt een 
beschrijving gegeven van het normale middenoorepitheel van de rat. De verkregen 
resultaten zijn in hoofdstuk V weergegeven en worden nader besproken in hoofdstuk VI. 
Het grootste gedeelte van de epitheliale bekleding van het middenoor van de rat bestaat uit 
een éénlagig, zeer plat, niet gecilieerd cpitheel. De rest van het epitheel is gecilieerd en 
gelocaliseerd in twee nauw omschreven gebieden, die overgaan in het gecilieerde epitheel 
van de buis van Eustachius. Electronenmicroscopisch kunnen twee typen secretoire cellen 
worden onderscheiden. Het ene type, identiek aan de slijmbekercel, met fuserende 
granula, komt alleen voor in het gecilieerde epitheel. Het tweede type, met niet-fuserende 
granula, komt zowel in het gecilieerde als in het niet gecilieerde gebied voor. Op grond van 
deze bevindingen kan het middenoorepitheel beschouwd worden als een gedeeltelijk 
gemodificeerd respiratoir epitheel. De situering van de gecilieerde gebieden duidt op het 
bestaan van een mucociliair transportsysteem voor het schoonhouden van het middenoor. 
Afsluiting van de buis van Eustachius veroorzaakt een ophoping van een sereuze vloeistof 
in het middenoor. Deze sereuze fase werd, zowel bij dieren met pathogène als met nict-
pathogene symbionten in de bovenste luchtwegen, zeer frequent gevolgd door een infectie 
van het middenoor. Deze waarneming maakt het zeer aannemelijk dat tuba-afsluiting het 
pathogcen gedrag van deze microorganismen, die normaal in het middenoor aanwezig zijn, 
bevordert. 
Deze middenoorinfecties vertoonden een zeer variabel verloop. Naast een destructie van de 
middenoorstructuren in een aantal oren, werd in vele gevallen een sterke toename van het 
gecilieerde en het secretoire epitheel waargenomen ín de oorspronkelijk niet gecilieerde 
gebieden, terwijl vaak ook een partiële of totale fibrose van het middenoorlumen bleek op 
te treden. In dit fibreuze weefsel kunnen cholesterolkristallen, secretoire elementen en 
ectopisch bot voorkomen. In een aantal gevallen genazen deze middenoorinfecties 
spontaan en trad een tweede sereuze fase op. De, door de infectie veroorzaakte, fibrose 
evenals het toegenomen aantal secretoire elementen bleken lange tijd na het verdwijnen van 
het infectieuze proces nog aanwezig te zijn. 
Hoewel bij een aantal kiemdragende dieren tuba-afsluiting gerealiseerd kon worden zonder 
dat hierbij een middenoorinfectie optrad, bleek dit veel beter te lukken bij kiemvrije dieren. 
De optredende infecties in deze laatste groep waren waarschijnlijk het gevolg van 
recanalisatie van de tuba of infectie van de wond. 
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Het geïsoleerde effect van tuba-afsluiting op de structuren van het middenoor was minder 
opvallend dan wanneer hierbij een complicerende infectie optrad. Tijdens de eerste dagen 
ontstond, als gevolg van een "transudaticproces", oedcem in de mucosa waardoor het 
epitheel vervormd werd. Deze sereuze vloeistof bereikt hoofdzakelijk via de intercellulaire 
weg het middenoorlumen. Na verloop van tijd ging het epitheel een variable mate van 
hyperplasie vertonen terwijl eveneens desquamatie optrad. In de cpitheclcellen werden 
tonofilamenten en atypische secrectgranula waargenomen. De lamina propria nam in dikte 
toe door fibrosering en er was een tijdelijke toename van de periostale activiteit, die 
resulteerde in de appositie van bot. In de middenoorvloeistof werden enige weken na 
afsluiting ophopingen van cholesterolkristallcn en phagocyterende cellen aangetroffen. In 
het trommelvlies bleken zich, enige maanden na afsluiting van de tuba, 
tympanosclerotischc haarden te ontwikkelen. Deze karakteristieke beelden persisteerden 
gedurende een observatieperiode van 22 maanden. 
Wanneer de uit dit onderzoek verkregen gegevens vergeleken worden met de bevindingen 
bij secretoire otitis media dan blijkt een opvallende overeenkomst te bestaan tussen het 
microscopisch beeld van de mucosa bij de geïnfecteerde oren uit dit onderzoek en dat van 
mucosa-biopten afkomstig van patiënten met S.O.M. 
Deze waarnemingen maken het zeer aannemelijk dat tuba-afsluiting alléén niet 
verantwoordelijk gesteld kan worden voor de beschreven toegenomen secretoire activiteit 
van de middenoormucosa van patiënten met S.O.M., maar dat deze aan infectieuze 
processen toegeschreven moet worden. Het persisteren van de door infectie geïnduceerde 
veranderingen nadat het infectieuze proces is genezen, met name de toegenomen secretoire 
activiteit, mogelijk een nadelig effect hebben op de clearance van het middenoor en 
daardoor aanleiding zijn tot'het optreden van nieuwe infecties. 
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